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I. INTRODUCTION 
The absence of certain fatty acids in the normal diet of several 
. 1 . . 1 d. 34 1 . h f d . bl an~ma spec~es, ~nc u ~ng man, resu ts ~n t e appearance o un es~ra e 
symptoms. The acids, termed essential fatty acids (EFA), are polyunsat-
21 22 
urated with a skipped arDangement of cis double bonds. ' The struc-
tures of the acids are as follows: 
CH -(CH ) -CH=CH-CH -CH=CH-CH -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 4 2 2 2 2 3 
I 
Arachidonic Acid 
II 
y-Linolenic Acid 
CH - (CH ) -CH=CH-CH -CH=CH- (CH ) -COOH 3 2 4 2 2 7 
III 
Linoleic Acid 
A fourth acid, linolenic (IV), was originally thought to be essential, 
but has since been shown to have little or no biological activity.106 , 128 
CH •CH -CH=CH-CH -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 2 2 2 7 
IV 
Linolenic Acid 
2 
In structures I, II and III ethylenic bonds occur in the 6:7 
and 9:10 positions from the methyl end of the molecule. This fact was 
pointed out by Thomasson106 who postulated that this arrangement of 
double bonds from the methyl end of the molecule is necessary for op-
timum biological activity. 
The veracity of this theory can be determined only by biological 
testing of various fatty acids . Since it has been amply demonstrated 
that saturated, monoethenoid, conjugated polyethenoid and trans-skipped 
polyunsaturated acids have' no biological activity, 34 , 106 , 20 ,128 the 
most obvious group to be studied for biological activity are the cis-
skipped polyunsaturated fatty acids . 
Apart from the four acids mentioned above, the only other cis-
skipped, polyunsaturated fatty acids tested were 10,13-nonadecadienoic 
acid and 11,14-eicosadienoic acid, both of which showed low levels of 
activity. 106 It should prove of considerable interest to investigate 
the biological activity of other skipped, unsaturated fatty acids; the 
problem, therefore, reduces to one of availability of acids for testing. 
The efforts described in this thesis were directed toward synthesis of 
cis-skipped, polyunsaturated fatty acids in general and the following 
three isomers of linoleic acid in particular: 
CH -(CH ) - CH=CH-CH -CH=CH-(CH ) -COOH 3 2 5 2 2 6 
v 
8,11-0ctadecadienoic Acid 
3 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 3 2 2 8 
VI 
10,13-0ctadecadienoic Acid 
VII 
11,14-0ctadecadienoic Acid 
With the help of known methods for the preparation of skipped-
1 i 47,95,113 d f h d . f 1 . acety en c systems, an or t e re uct~on o acety enes to ~-
olefins,117 the synthesis of the three desired isomers of linoleic acid 
has been realized. The mode of synthesis is readily adaptable to other 
isomers of linoleic acid and to higher, skipped, unsaturated systems. 
Finally, the workable yields and high purity of the final products should 
make the present synthesis a desirable scheme for the preparation of cis-
skipped, unsaturated fatty acids . 
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II. BACKGROUND 
A. Biochemistry and Physiology of Skipped Unsaturated Fatty Acids. 33 , 53 
A number of physiologic functions can be definitely traced to 
polyunsaturated fatty acids. The discovery in 1929, by Burr and Burr21 
that the deficiency syndrome induced in rats on a fat-free diet could be 
corrected by inclusion in the diet of certain skipped, polyunsaturated 
fatty acids, linoleic acid (III) or arachidonic acid (I), demonstrated 
that these substances are essential to the proper nutrition of rats and 
perform a metabolic role that cannot be filled by other substances in 
the diet or synthesized by the animal. The exact biochemical function 
of essential fatty acids (EFA) is not yet known; but many effects of 
dietary deficiencies of the EFA have been described. 
The general nature of this necessity for essential fatty acids 
can be appreciated by consideration of the wide variety of animals in 
which EFA deficiencies have been demonstrated. These include rats, 
mice, dogs, chickens, guinea pigs, hogs, goats, sheep, calves, and 
. 53 33 
man, as well as certa~n insects. ' 
Any discussion of essential fatty acids must first begin with 
a definition of the term. It was shown by Evans and Burr38 that rigid 
exclusion of fats from the diet of rats resulted in a fat-deficiency 
syndrome which was characterized by loss of weight, scaliness of paws 
and tail, and loss of hair. Burr and Burr21 demonstrated that the 
syndrome was not due to lack of fat-soluble vitamins, but was in fact 
due to lack of certain skipped, polyunsaturated fatty acids. 22 The 
materials which were first recognized as being able to prevent or cure 
the deficiency syndrome were linoleic acid (III), linolenic acid (IV), 
and arachidonic acid (!); and these were considered to be essential 
fatty acids. More recent work106 has shown that linolenic acid has 
little if any biopotency in alleviating the fat-deficiency syndrome 
while r-linolenic acid (II) is very effective in this role. 
An essential fatty acid might then be described as a fatty acid 
which, when included in the diet of an animal, alleviates or prevents 
the fat-deficiency syndrome which is brought about by rigid exclusion 
of fats from the diet of the animal . Under this definition it is 
generally considered that arachidonie (I), r-linolenic (I~and linoleic 
(III) acids constitute the essential fatty acids. 
The recent den~nstration by Mead78 , 76 that linoleic acid can 
be converted in the rat (and presumably in man) 50 to arachidonic acid 
through the intermediate r-linolenic acid might properly mean that 
linoleic acid can be regarded as the "true" EFA since it is the sim-
plest skipped, unsaturated fatty acid which cures the fat-deficiency 
syndrome and which leads to r-linolenic and arachidonic acids, the 
other recognized "essential" fatty acids. 
Comparative Biopotencies of Fatty Acids 
The necessity of skipped, polyunsaturated fatty acids as die-
tary components has been based on the observatio~ that these compounds 
cannot be synthesized by the animal . If these acids are absent from 
the diet, tissues in which they play an essential role and enzyme 
systems in which they participate become depleted. 
5 
It is well known that saturated fatty acids can be synthesized 
from carbohydrates and it was shown by the use of labeled stearate 
molecules that, at least in the mouse, the dehydrogenation of stearic 
acid to oleic acid could be effected. 58 It was, therefore, not the 
absence of these fatty acids from the diet which produced the defi-
ciency symptoms. It was further shown that a number of polyun-
saturated fatty acids were biologically inactive with respect to the 
fat-deficiency syndrome. Among these are 9,11-linoleic acid, 20 ,106 
10,12-linoleic acid,106 and linolelaidic acid (all trans-linoleic 
acid). 20 To the following acids Thomasson assigned biopotencies as 
f h . . f 1. 1 . .d 106 10 13 d percentages o t e act1v1ty o 1no e1c ac1 : , -nona eca-
dienoic acid, 9%; 11,14-eicosadienoic acid, 43%; and ordinary lino-
lenic acid, 9%. Holman and co-workers have published results show-
ing the bioimpotence of trans isomers and of oxidized and conjugated 
l ~noleate.55 , 92 s· 1 . 97 h t d th t t . • 1nc a1r as even sugges e a rans 1somers 
may be antagonistic to EFA activity. Thomasson has also shown that 
9,11,13-octadecatrienoic acid and 4,8,12,15,19-docosapentaenoic acid 
. 33 106 have no b1opotency. ' 
106 On the other ,hand, Thomasson demonstrated that r-linolenic 
acid (II) has 100% of the activity of linoleic acid. Arachidonic 
acid (I) is generally regarded as possessing greater biopotency than 
linoleic acid. While the results for this acid are considerably di-
vergent, possibly due to the fact that the arachidonic acid used in 
tests either was not pure or was altered chemically during purifica-
tion, the level of activity assigned to arachidonic acid is 131% that 
f 1 . 1 . .d 106 o 1no e1c ac1 • 
6 
78 76 . In view of the results of Mead and Ho\~on ' wh~ch show that 
arachidonic acid is synthesized from linoleic acid, and in view of the 
known, vigorous ~-oxidation of linoleic acid96 it is probable that the 
lesser activity of linoleic acid as compared with arachidonic acid is 
a result of the competition between ~-oxidation and conversion to 
h "d . "d 74 arac ~ on~c ac~ • 
The Theory of Thomasson 
Upon examination of the results of determinations of bio-
potencies made by Thomasson106 of a number of fatty acids (Table I), 
an interesting fact becomes apparent: all of the acids with EFA 
activity have double bonds in the 6:7 and 9:10 positions when the 
acid is numbered from the methyl end of the molecule. None of the 
inactive acids has double bonds in both these positions. 
This study led Thomasson to postulate that in order for an 
acid to have EFA activity, unsaturation at the 6:7 and 9:10 positions 
(numbering from methyl) is essential . The activity is decreased by 
extending the carbon chain or by increasing the unsaturation on the 
methyl side of the 6:7 and 9:10 double bonds. Increasing the number 
of skipped double bonds on the carboxyl side of the 6:7 and 9:10 double 
bonds results in unchanged or even increased activity, in spite of ex-
tension of the carbon chain. 
Interconversion of the Essential Fatty Acids 
l~ile the existing data indicate that animals cannot synthesize 
the EFA de ~, there are also data which indicate that one EFA can be 
converted to another. The fact that one acid can prevent deficiency 
7 
TABLE I 
Relation Between Chemical Structure and EFA Activity106 
(Chain Position Numbered From Terminal Methyl) 
Acid 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
0 0 0 0 0 0 0 0 0 0 0 0 0 X Tetradecanoic 
Hexadecanoic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 
Octadecenoic 
11-D. Octadecenoic 
12-D. Octadecenoic 
13-D. Docosaenoic 
9 11-D. ' Octadecadienoic 
10 12- . D. ' Octadecadieno1c 
9-D. Octadecenoic 
10 12- . D. ' Octadecad1enoic 
10 13- . D. ' Nonadecad1enoic 
9 12 15-D. ' ' Octadecatrienoic 
"'11,14-E. d' . 
u 1cosa 1eno1c 
9 12-6 ' Octadecadienoic 
6 9 12- . 6 ' ' Octadecatr1enoic 
"'5,8,11,14-E. . 
u 1cosatetraeno1c 
x = acid carboxyl group 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 o o= o -.o o 
0 0 0 0 0 O!:::. O 0 0 0 
0 0 0 0 0 o o o o= o 
0 0 0 0 0 o o= o o=·o 
0 0 0 0 0 o= o o = o o 
0 0 0 0 0 0 0 o o= o 
0 0 0 0 o o= o o= o o 
0 0 0 0 o o= o o o = o 
0 0 o= o o o= o o o= o 
0 0 0 0 o o= o o o = o 
0 0 0 0 o o= o o o = o 
0 0 0 0 0 0 = 0 o o = o 
0 0 0 0 o o= o o o= o 
o = carbon atoms with attendant hydrogen atoms 
U./g. = unit per gram 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 o = o 0 0 0 
0 o = o 0 o = o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
X 
X 
X 
0 
X 
X 
X 
X 
50/50 
Mixture 
0 0 0 
50/50 
Mixture 
0 X 
X 
0 0 X 
X 
X 
0 0 X 
X 
Biopotency 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Sl. Positive 
9 U./g. 
9 U./g. 
43 U./g. 
100 U./g. 
100 U./g . 
130 U./g. 
00 
9 
symptoms due to exclusion of the other essential fatty acids from the 
diet suggests this viel.r. 
Terpinen107 and Smedley-McLean and Nunn99 are of the opinion 
that linoleic acid is the precursor of arachidonic acid. They as-
cribe the increased oiopotency of arachidonic acid to the fact that 
only part of the linoleic acid is converted to arachidonic acid. Sup-
plementation of the diet of fat-deficient rats with linoleic acid causes 
an increase in the tetraenoic acid content of the tissue of rats . This 
same fact was noted regarding the serum fatty acids of human babies on 
. 116 2 50 
controlled d~ets. ' ' 
The chemical pathway for the interconversion of linoleic to 
arachidonic acid appears to be fairly well established. The following 
facts are known: 
1. Linoleic acid isolated from rats that were injected intra-
peritoneally with carboxy-labeled acetate had essentially no activity . 
Arachidonic acid from the same animals had essentially all its activity 
in the carboxyl carbon .80 This indicates no appreciable amount of 
linoleic acid is synthesized by the animal and that arachidonic acid 
results from combination of acetate with an intact linoleic acid 
molecule. 
2. When carboxy-labeled linoleic acid was fed to rats, active lino-
leic acid and arachidonic acid were isolated. The activity of the de-
graded arachidonic acid expressed as percent of the total is as follows: 102 
c17H27 -CH2 - CH2 - COOH 
0 24.5 0.7 74.7 
10 
The absence of activity beyond the third carbon is indicative of the fact 
that the linoleic acid molecule is incorporated intact into arachidonic 
acid. The activity on the third carbon is most likely that of the car-
boxyl carbon of linoleic acid. The rather high activity on the carboxyl 
carbon may be accounted for by the rapid oxidation of linoleic acid140 
and the use of the active acetate (before it has sufficient time to mix 
with the general acetate pool) for chain lengthening of unlabeled linoleic 
acid. 
3. 106 Homolinoleic (VIII) was reported by Thomasson to have only a 
fraction (40%) of the activity of linoleic acid, 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 4 2 2 9 
VIII 
Homolinoleic Acid 
while ]-linolenic acid (II) was shown by the same worker to be at least 
as active as linoleic acid. Inasmuch as an intermediate in the conver-
sion of linoleic to arachidonic should have at least the activity of its 
immediate precursor, homolinoleic acid (VIII) can probably be ruled out 
as an intermediate. 
4. When carboxy-labeled ]-linolenic acid was fed to rats, the ara-
chidonic acid isolated contained nearly all of the radioactivity, and 
of this activity, more than 97% was contained in the third carbon. 78 , 79 
Furthermore, after four hours only traces of ]-linolenic acid were pre-
sent. It can be seen from this that the ]-linolenic acid molecule must 
have been used nearly exclusively for the synthesis of arachidonic acid. 
11 
On the basis of the above data it appears, according to the sug-
gestion of Mead, 76 that the pathway from linoleic to arachidonic acid 
is as indicated in Table II. 
TABLE II 
Biological Path,-1ay of Linoleic Acid to Arachidonic Acid 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 4 2 2 7 
III 
Linoleic Acid 
! 
II 
y-Linolenic Acid 
IX 
Homo-y-Linolenic Acid 
l 
CH -(CH ) -CH=CH-CH -CH=CH-CH -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 4 2 2 2 2 3 
I 
Arachidonic Acid 
12 
While the conversion of the intact r-linolenic acid molecule 
has been amply demonstrated, the conversion of home-r-linolenic acid 
(IX) to arachidonic acid remains to be demonstrated. 
Physiologic Functions Related ~ Essential Fatty Acids 
Growth 
The original demonstration of the necessity of EFA in the diet 
was in the effect on growth of rats . Weanling rats on a fat - free diet 
grow normally for two to three weeks after which time the rate of gain 
in weight diminishes until a weight plateau is finally reached.122 In-
elusion of saturated 124 123 40 fats or cholesterol ' accelerates the rate 
of appearance of deficiency symptoms . All these symptoms can be counter-
acted by inclusion of one of the essential fatty acids in the diet. 
The fundamental nature of the growth processes involving EFA is 
unknown . Studies in which tumors were transplanted in rats on fat-free 
diets , show that the ratio of highly unsaturated fats to saturated fats 
125 in subcutaneous tissue is greatly decreased. This is interpreted as 
meaning that the essential fatty acids are used up in formation of new 
tumor tissue, either by providing essential growth materials in the form 
of the essential fatty acids themselves, or by functioning as prosthetic 
126 groups in enzyme systems . 
Maintenance of Normal Skin and Capillary Resistance 
Without doubt the most easily demonstrated fat - deficiency symptom 
is abnormal skin development. This manifestation has been noticed in 
nearly every animal subjected to a fat-free diet. In the rat, mouse, 
dog and calf the skin condition is characterized by scaliness of the 
13 
tail and roughness of the skin. 34 Dogs, mice and rats also show scali-
ness of the paws and loss of hair . 53 
In humans the condition has been described as eczematous. Re-
cent studies116 ,Z,SO of the effects on human infants on fat-free diets 
showed abnormal skin conditions generally characterized by dryness, 
thickening and later desquamation . In all instances the abnormal con-
ditions could be alleviated by feeding of linoleic or arachidonic acids 
(and hence r-linolenic acid) . 
Another interesting observation regarding rats on a fat-free 
diet is the apparent increased water permeability of the skin. A re-
sult of this is that EFA deficiency in rats develops more rapidly in 
53 106 
a dry atmosphere than in a humid atmosphere. ' 
An apparently related effect is the decreased capillary re-
sistance . Human patients on an EFA-deficient diet had lower capillary 
resistance than those on diets containing essential fatty acids.53 
I h . 1953.131 h h "11 . f t was s own ~n , t at t e cap~ ary res~stance o rats on a 
fat - free diet, or one containing 5% methyl stearate, reached patholo-
gically low levels. The resistance of capillaries could be restored 
to normal levels by inclusion of linoleic acid in the diet. 
I 
Reproduction 
Essential fatty acids are necessary for normal reproduction 
and development . Male rats on a fat-free diet become sterile; mothers 
127 
are not able to produce normal young or to suckle them. Linoleic 
and arachidonic acids were shown to correct abnormalities in pregnancy 
d 1 . 128 an actat~on. The beneficial effect of r-linolenic acid has not 
been established but can be presumed. 
14 
X-Ray Irradiation 
In 1950, it was observed that multiple sub-lethal doses of x-ray 
irradiation precipitated the EFA-deficiency symptoms in fat-deficient 
mice. 32 Deuel and co-workers demonstrated that linoleic acid offered 
protection against this condition, 129 while linolenic acid had little 
or no effect. 130 This beneficial effect is probably related to the 
necessity for essential fatty acids for normal tissue growth as well 
as for repair of damaged tissue. 
Cholesterol Metabolism and Transport 
Essential fatty acids have been implicated in cholesterol trans-
port and metabolism and in atherosclerosis and degenerative heart dis-
eases. 
The role of essential fatty acids in cholesterol transport and 
metabolism is not well understood. Alfin-Slater and co-workers demon-
strated, in rats on a fat-free diet, that the level of blood choles-
terol does not decrease, but on the other hand, the cholesterol level 
in the liver and adrenal tissue increases to almost twice the normal 
5 
value. Nevertheless, these same workers found decreased serum cho-
lesterol levels in animals on a fat-free diet. 
Cholesteryl esters contain high proportions of essential fatty 
15 
acids. The cholesteryl esters of the polyunsaturated acids have 
lower melting points than the esters of the saturated acids; therefore, 
from a purely physical point of view, the EFA esters of cholesterol are 
more labile. 132 In the absence of EFA, cholesterol esterifies with 
132 
saturated acids and becomes less labile. Further, essential fatty 
15 
acids are required for the synthesis of phospholipids, which are probably 
77 
necessary to cholesterol transport out of the liver. 
The importance of EFA in relation to atherosclerosis is like-
wise greatly uncertain. Kritchevsky, et a1 133 have demonstrated that 
EFA are able to suppress deposition of cholesterol in the aorta of 
rabbits to a marked extent. Sinclair also has suggested that athero-
sclerosis may be due to lack of essential fatty acids with which to 
. 97 16 ester~fy cholesterol. On the other hand, BHttcher, et al have 
shown that the percentage of saturated acids esterified with choles-
terol, from the aortic walls of humans, decreased as the severity of 
atherosclerosis in these subjects increased. BHttcher also has shown 
that the percentage of linoleic acid esterified with cholesterol (from 
the aortic wall) increased considerably with severity of atherosclero-
sis.15 BHttcher has suggested that the ratio of the cholesterol esters 
of linoleic acid to those of stearic acid be used as an index of the 
15 
severity of atherosclerosis. 
The above information serves as an indication of the uncer-
tainty of the role of essential fatty acids in cholesterol transport 
and metabolism and particularly in atherosclerosis and coronary dis-
eases. 
B. Purpose and Scope. 
106 It was pointed out by Thomasson (Sec.II,A,p.7) that for a 
fatty acid to have maximum biological activity, unsaturation at the 
6:7 and 9:10 positions (numbering from the methyl end) was required. 
Furthermore, EFA activity was decreased by extending the carbon chain 
or by increasing the unsaturation on the methyl side of the 6:7 and 
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9:10 double bonds. The results from which this observation stemmed 
were obtained from bioassay of only six skipped, unsaturated fatty 
acids (Sec.II,A,Table I,p.8), some of which were of questionable purity. 
In order to afford a broader foundation for Thomasson's theory 
regarding the biological potency of fatty acids, it would be desirable 
to have a large number of skipped, unsaturated fatty acids available 
for bioassay. It is possible to group the acids into four classes: 
1. Homologs of linoleic acid in which the methyl end of the mole-
cule including the unsaturated system is unchanged, and in which the 
molecule is lengthened or shortened. 
cis cis 
CH3-(CH2) 4-CH=CH-CH2-CH=CH-(CH2)x-COOH 
X ~ 7 
2. Skipped, dienoic acids in which the chain through the thir-
teenth carbon atom is identical with linoleic acid, and in which the 
molecule is lengthened or shortened from the methyl end. 
cis cis 
CH3-(CH2)y-CH=CH-CH2-CH=CH-(CH2) 7-coOH 
3. Positional isomers of linoleic acid. 
cis cis 
CH3-(cH2)y-CH=CH-CH2-cH=CH-(CH2)x-COOH 
X + y = 11 
17 
4. Fatty acids embodying the more favorable structures established 
through bioassay of the first three groups, but with extended, skipped, 
unsaturated systems. 
cis 
CH -(CH ) -(CH = CH-CH ) -(CH ) -COOH 3 2 y 2 Z 2 X 
The attention of this research was directed toward synthesis 
of acids in the third group. The purpose of this work was to prepare 
the three isomers of linoleic acid having double bonds in the -8,11-
(V), -10,13-(VI) and -11,14-(VII) positions. 
52 As has been pointed out by Holman purity of fatty acids is 
essential for meaningful bioassays. The purification of fatty acids 
is complicated enormously by the similarity in structure with attendant 
difficulty of separation of the various fatty acids. Deviations in 
bioassay for EFA activity are often the result of impurities in the 
·d 52 I h b f h db s· 1 · 97 h ac1 s. t as een urt er suggeste y 1nc a1r t at trans-
olefinic bonds are not simply biologically inactive, but may actually 
be antagonistic to EFA activity. 
Any procedure developed for the synthesis of fatty acids for 
biological testing must have the following characteristics: 
1. The synthesis should be a practical one so that sufficient quan-
tities of fatty acids can be obtained. 
2. The synthetic route should lead to a single product of high 
purity with regards to cis - Crans isomerism, particularly. 
The results of the research presented herein largely satisfy the 
requirements. The three desired isomers of linoleic acid, cis-8, cis-11-
18 
octadecadienoic acid (V), cis- 10, cis- 13-octadecadienoic acid (VI) and 
cis- 11, cis-14-octadecadienoic acid(VII) have been prepared by the 
synthetic route outlined below in workable yields and in purities of 
the order of 98-99 percent, 72 with only trace amounts of conjugated 
and trans-unsaturated materials . 
+ BrCH2C: C-(CH2)x-Cl l~i~~~~. 
CH3- (CH2)y-c: c - CH2- c : C-(CH2)x-Cl 
11) Diisobutylaluminum Hydride 2) Diisobutylaluminum Hydride 
cis cis 
CH -(CH ) -CH = CH- CH - CH = CH- (CH ) - COOH 3 · 2 y 2 2 X 
8,11 -0ctadecadienoic Acid: x = 6, y = 5 
10,13-0ctadecadienoic Acid : x = 8, y = 3 
11,14-0ctadecadienoic Acid: x = 9, y = 2 
These acids have not been prepared in quantities sufficient for 
bioassay . But clearly, the preparation of large quantities by the methods 
developed is entirely feasible . 
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C. Previous Syntheses of Linoleic and Other Skipped Unsaturated Fatty 
Acids. 
1. Noller and Girvin's Synthesis of Linoleic Acid. 
Choice of a rout~by which to synthesize the desired isomers of 
linoleic acid, was guided by the work of others on syntheses of skipped 
unsaturated fatty acids, which was available to us. In 1937, Noller 
and Girvin published the earliest synthesis of linoleic acid (cis-9, 
cis-12-octadecadienoic acid).85 An adaptation of the method developed 
by Boord and ~wallen101 for the synthesis of olefinic unsaturated com-
pounds was employed. 
CH -(CH ) -CH=CH-CH -CH- CH-(CH ) -Cl 3 2 4 2 1 1 2 7 
OCH3 Br 
XII 
XIII 
lNaCN Alcohol 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -CN 3 2 4 2 2 7 
XIV 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -CN 3 2 4 2 2 7 
XIV 
l 1) NaOH/H20 2) Acidify 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 4 2 2 7 
III 
Linoleic Acid 
20 
The synthesis involved the coupling of a substituted allyl Grignard re-
agent (X) with an a,~-dibromoether (XI) to give the monolefinic bromo -
ether (XII), which was converted to the skipped diene by treatment with 
zinc. Substitution of the cyano group for chlorine, alkaline hydrolysis 
and acidification gave a mixture of products. No linoleic acid could 
be isolated from this synthesis. Neither was the tetrabromo derivative 
of linoleic acid isolable. The neutralization equivalent and the iodine 
number of the acids isolated, nevertheless, did agree with the theoretical 
values for linoleic acid. 
49 Treatment of natural linoleic acid with Poutet's reagent and 
subsequent reaction of the elaidinized material with bromine yielded a 
tetrabromo derivative which was identical by melting point and mixed 
1 . . . h h b d . . f h h . "d 85 me t~ng po~nt w~t t e tetra romo er~vat~ve o t e synt et~c ac~ • 
cis cis 
CH3-(CH2) 4-CH = CH-CH2-CH = CH-(CH2) 7-COOH 
III 
Linoleic Acid 
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trans trans 
CH3-(cH2) 4-cH === CH-CH2-CH === CH-(CH2) 7-000H 
XV 
XVI 
It ~'las on this basis that the synthesis of linoleic acid by this method 
was rationalized. 
2. Baudart's Synthesis of Linoleic Acid. 
The second reported synthesis, that of Baudart in 1944, 6 likewise 
employed the Boord method in the building of the skipped unsaturation. 35 
The chief feature of this synthesis was reaction between two different 
?CH2-cH3 CH3CH2-~ 
CH3-(cH2) 4 -MgBr + Br-CH -- ?H-CH2-?H-CH-Br + 
Br Br 
XVII XVIII XIX 
?ca2ca3 ~ CH3CH2-9 
CH3-(CH2) 4 -CH -- ?H-CH2-~H CH-(CH2) 6oCH3 
Br Br 
XX 
~ Zn 
XXII 
J Malonic Ester synthesis 
CH3-(CH2) 4-CH=CH-CH2-CH=CH-(CH2) 7-COOH 
III 
Linoleic Acid 
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Grignard reagents, XVII and XIX, with a bis(a,~-dibromo ether), XVIII, 
all in equimolar amounts, to give a mixture of compounds among which 
was XX. Upon treatment of the mixture with zinc, the skipped diene 
XXI could be obtained by fractional distillation. The bromohexa-
decadiene XXII was prepared from XXI by treatment with bromine, to pro-
teet the unsaturation, followed by cleavage of the ether with hydrogen 
bromide, and regeneration of the unsaturation by debromination with 
zinc. The preparation was completed via the malonic ester synthesis. 
As in the previous synthesis of linoleic acid, none of the de-
sired fatty acid was isolated. Bromination of the crude acids yielded 
a tetrabromo derivative which was identical by melting point and mixed 
melting point with the tetrabromide from a sample of natural linoleic 
acid which had been elaidinized. 64 
3. Linoleic Acid Syntheses via Acetylenic Intermediates. 
The work of Newman and Wotiz83 on the synthesis of acetylenic 
3 4 
acids and that of Strong, Ahmad and Bumpus ' on the syntheses of mono-
ethenoid fatty acids by catalytic reduction of acetylenic acids pointed 
out the feasibility of synthesis of linoleic acid via the acetylenic 
23 
intermediates . In 1950 and 1951, workers in three laboratories inde-
pendently completed syntheses of linoleic acid via the ~-diacetylenic 
acid intermediates. 
XXV 
a. Synthesis of Raphael and Sondheimer . 
The first of these syntheses was that of Raphael and Sondheimer. 95 
Cl-(CH2) 6-cl + Nai 
XXIII 
XXIV 
XXVI 
acetone > 
Liquid NH3 
(2) CH3-(CH2) 4c: c -CH2-oso2cH3 
(3) Nai/acetone 
CH3-(cH2) 4c: C- CH2- C: C(CH2) 6I 
XXVIII 
XXV 
XXVII 
XXVIII 
1) NaCH(COOEt) 2 
2) H+/H20 
3) -COl:. 
XXIX 
XXIX 
1 
Pd/CaC03 
H2 
III 
Linoleic Acid 
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Reaction of the dichlorohexane XXIII with an equimolar amount of 
sodium iodide gave a mixture of products from which the iodochlorohexane 
XXIV could be isolated. Treatment of the mixed alkyl halide XXIV with 
sodium acetylide in liquid ammonia gave 8-chloro-1-octyne (XXV) in good 
yield. The Grignard derivative of this terminal acetylene was generated 
by exchange with ethyl Grignard reagent . This acetylenic Grignard deriva-
tive was then coupled with the propargylic methanesulfonate XXVII, which 
had been prepared by reaction of 2-octyn-1-ol (XXVI) and methanesulfonyl 
chloride, to give the chlorohexadecadiyne which was treated with sodium 
iodide in acetone to give the iodohexadecadiyne XXVIII. Malonation, hydro-
lysis and decarboxylation of the iodide furnished the crystalline diacety-
lenic acid XXIX which was partially, catalytically hydrogenated to a 
linoleic acid concentrate. 
The tetrabromide of this linoleic acid concentrate was identical 
with the tetrabromide of natural linoleic acid. 
b. Synthesis of Walborsky, Davis and Howton. 
Shortly after the above work, a second synthesis of linoleic 
25 
acid, employing a novel approach to the diacetylenic acid, was reported 
113 by Howton and co-workers . 
HC : C-(CH2) 6-c: CH 
XXX 
~ CH3COSH 
0 
HC EC-(CH2) 6CH=CHSCCH3 
XXXI 
~ NH20H 
HC: C- (CH2) 7CH=NOH 
XXXII 
l 
1) c4H90NO, H+ 
2) (CH20H) 2, H+ 
XXXIII 
l 1) 2) EtMgBr CH3-(CH2) 4C: C-CH2-Br, CuBr 
XXXIV 
0 
/ '\ 
CH3-(CH2) 4c :c-CH2-c: C-(CH2) 7-CH (CH2) 2 
' / 0 
XXIX ! H2, Raney nickel 
CH3-(CH2) 4-CH=CH-CH2-CH=CH-(CH2) 7-COOH 
III 
Linoleic Acid 
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Reaction of deca-1,9-diyne (XXX) from 1,6-dibromohexane and sodium 
acetylide, with one mole of thioacetic acid gave the vinyl thioacetate deri-
vative XXXI which upon treatment with hydroxylamine furnished the aldehyde 
oxime XXXII. Hydrolysis of the oxime with nitrous acid to the aldehyde 
and reaction with ethylene glycol produced the acetal XXXIII, which was 
converted to the acetylenic Grignard with ethyl Grignard reagent. This 
reaction was followed by coupling of the acetylenic Grignard with 1-bromo-
oct - 2-yne (XXXIV) in the presence of cuprous bromide, to give the diacety-
lenic acetal XXXV. Acid hydrolysis of the acetal and silver oxide oxida-
tion of the resulting aldehyde yielded the diacetylenic acid XXIX, which 
was partially reduced over Raney nickel catalyst to give linoleic acid. 
As in the previous synthesis, the linoleic acid was identified as 
the tetrabromide derivative which was identical with the tetrabromide of 
natural linoleic acid. 
c. Synthesis of Gensler and Thomas. 
The third synthesis of linoleic acid which appeared at the same 
47 time, that of Gensler and Thomas, was similar to the synthesis of 
95 Raphael and Sondheimer. 
CH3 -(CH2) 4-c~C-CH2-Br 
XXXIV 
+ BrMgc=C-(CH2) 6-Cl. 
XXXVI 
27 
CuCl 
CH3-(CH2) 4-c~C-CH2-c~ C-(CH2) 7 -Cl 
XXXVII 
1) Nai/acetone 
2) Malonic ester synthesis)-
CH3-(CH2) 4-c; c-CH2-c=c-(CH2) 7-COOH 
XXIX 
Pd-H 2 
CH3-(CH2) 4-CH=CH-CH2-CH=CH-(CH2) 7-COOH 
III 
Linoleic Acid 
The skipped acetylenic chloride XXXVII was prepared by the 
cuprous chloride catalyzed coupling of 1-bromo-2-octyne (XXXIV), from 
2-octyn-1-ol and phosphorous tribromide, and the acetylenic Grignard re-
agent XXXVI, prepared as in the previous synthesis (cf. Sec.II,C.3;p.24). 
Treatment of the diyne chloride XXXVII with sodium iodide followed by 
a malonic ester synthesis gave the same diacetylenic acid XXIXpre-
. 1 . 1 d 95,113 V10US y 1SO ate • Partial reduction over palladium catalyst 
yielded a linoleic acid concentrate. The tetrabromo derivative isolated 
on treatment of this concentrate in petroleum ether with bromine was 
identical with the tetrabromo derivative of natural linoleic acid. 
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4. Nigam and Weedon Synthesis of Linolenic Acid. 
In 1955, the synthesis of linolenic acid (IV), a skipped trienoic 
84 
acid, was announced. 
XXXVIII 
CuCl 
XXXIX 
1) CH3~o3H, EtOH 
2) PBr3 
XL 
1 1) BrMgCEC-(CH2) 7-CH-(OCH2) 2 2) CuCl 
XLI 
1) H2, Pd 
2) Br2 
3) Hydrolysis 
4) Oxidation 
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Br Br Br Br Br Br 
I I I I 
CH3-CH2-CH - CH-CH2-CH - CH-CH2-CH - CH-(CH2) 7-COOH 
XLII 
Linolenic Acid Hexabromide 
Coupling of 1-bromopent-2-yne (XXXVIII) with the acetylenic 
G · d f h d 1 d 1 alcoho188 r~gnar reagent o tetra y ropyrany protecte propargy 
(XXXIX), in the presence of cuprous chloride, followed by hydrolysis 
of the protecting group with ethanolic p-toluenesulfonic acid and 
treatment with phosphorous tribromide yielded the skipped acetylenic 
bromide XL. This propargylic bromide was coupled with the Grignard 
derivative of the acetylenic acetal XXXV to give the eighteen-carbon 
skipped triyne acetal XLI. Subsequent partial catalytic hydrogenation 
to the skipped triene, bromination of the triene, hydrolysis of the 
acetal and oxidation of the aldehyde produced the hexabromide of 
linolenic acid (XLII). 
5. Osbond and Wickens Synthesis of Skipped Unsaturated Fatty Acids. 
Recently a synthesis of linoleic (III), r-linolenic (II), arachi-
donie (I) and docosa-4,7,10,13,16-pentaenotc (XLIII) acids was published 
CH -(CH ) -CH=CH-CH -CH=CH-CH -CH=CH-CH -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 4 2 2 2 2 2 2 
XLIII 
Docosa-4,7,10,13-16-pentaenoic Acid 
by Osbond and Wickens. 60 These acids were prepared by the novel cuprous chlo-
ride catalyzed coupling, in tetrahydrofuran, of a propargylic bromide XLIV 
30 
with the acetylenic Grignard reagent XLV formed by treatment of an 
w-acetylenic acid with two moles of ethyl Grignard reagent. The skipped, 
acetylenic acids XLVI thus obtained were reduced to the skipped, ethy-
69 lenic acids XLVII with hydrogen over Lindlar's catalyst. 
XLIV XLV 
l 1) CuCl, T.H.F. 2) acidify 
XLVI 
Lindlar catalyst 
XLVII 
Linoleic Acid: X= 1, y = 6 
?'-Linolenic Acid: X= 2, y = 3 
Arachidonic Acid: X= 3, y = 2 
Docosapentaenoic Acid: X= 4, y = 1 
The required propargylic bromides XLIV were obtained by the 
cuprous catalyzed coupling in tetrahydrofuran of 1-bromooct-2-yne (XXXIV), 
31 
with the acetylenic Grignard reagent XLVII obtained by treatment of pro-
pargyl alcohol with two moles of ethyl Grignard. The alcohol was con-
verted to the bromide by reaction with phosphorous tribromide. Repeti-
tion of this sequence of reactions, when necessary, provided the appro-
priate propargylic bromide XLIV. 
CH -(CH ) -(c=c-CH ) -Br 3 2 4 - 2 a 
XXXIV 
+ 
XLVIII 
1 CuCl, T,H,F, 
CH3-(CH2) 4-(C EC-CH2)a+l-OH 
! PBr3 
! Etc, 
XLIV 
The reactions proceeded in good yields and the coupling of the 
w-acetylenic acid XLV with the propargylic bromide XLIV obviated the 
necessity for introduction of a carboxylic acid group at a later stage. 
32 
III. SYNTHESIS OF THREE ISOMERS OF LINOLEIC ACID 
A. Outline of Final Synthesis. 
The synthetic procedure ultimately adopted for the preparation 
of the three desired isomers of linoleic acid, namely,cis-8, cis-11- (V), 
cis-10, cis-13- (VI), and cis-11, cis-14- (VII) octadecadienoic acids in-
--- --- ---- ---
volved the formation of a skipped acetylenic system by the method devel-
. 47 44 45 46 
oped extens1vely by Gensler and co-workers, ' ' ' followed by semi-
reduction of the triple bonds, stereospecifically, to the cis-olefins,117 
and finally introduction of the acidic function: 
The synthesis is outlined below: 
HO-(CH2)x-OH 
XLIX 
ll) SOC1 2 2) Nai 
Cl-(CH ) -I 2 X 
1
1) 
2) 
NaC: CH 
Liquid NH3 
L 
l 
1) EtMgBr, T.H.F. 
2) CuCl, CH3-(CH2)y-c: C-CH2-Br 
LI 
CH -(CH ) -C=C-CH -C=C-(CH ) -Cl 3 2 y - 2 - 2 X 
LII 
1 
1) 
2) 
(isobutyl) 2A1H 
(Isobutyl) 2AlH 
CH -(CH ) CH=CH-CH -CH=CH-(CH ) -Cl 3 2 y 2 2 X 
LIII 
1) excess Mg, Ether, CH3CH2-Br 
2) C0 2 
3) Acidification 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 y 2 2 X 
LIV 
8,11-0ctadecadienoic Acid: 
10,13-0ctadecadienoic Acid: 
11,14-0ctadecadienoic Acid: 
X= 
X= 
x= 
6, 
8, 
9, 
y = 5 
y = 3 
y = 2 
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The Grignard derivative of the w-chloroacetylenic compound L, 
prepared from the a,w-glycol XLIX by the sequence indicated, was coupled 
60 139 in tetrahydrofuran, ' in the presence of cuprous chloride, with the 
propargylic bromide LI prepared by the usual method.47 , 44 , 45 , 46 , 68 The 
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1-chloroheptadecadiyne LII obtained was treated twice with diisobutyl-
aluminum hydride to give the dicis-1-chloroheptadecadiene LIII which was 
converted to the Grignard reagent by the method of entrainment, 62 car-
bonated with gaseous carbon dioxide and acidified to the acid LIV. 
The critical steps, coupling, semi-reduction and conversion 
of the acid precursor to a Grignard reagent proceeded in good yields, 
with very little isomerication, and as a result the products could be 
isolated in a high state of purity. 
B. Discussion of Synthesis. 
1. Outline of Original Synthesis. 
The synthetic scheme (Sec.III,A) which led to the successful 
synthesis of 6-8,11-, 6~9 , 13-, and 6-11,14-octadecadienoic acids 
differed in several essential features fromtheoriginally planned 
route which is outlined below. 
Route 
1 
LV LVI 
1 CuCl 
CH3-(CH2)y-c: c -CH2-c=c-(CH2)x-Cl 
LII 
1) NaCN, alcohol 
2) OR-, hydrolysis or Route 
3) Acidification 2 
CH3-(cH2)y-c: c-cH2- c: c-(CH2)x-COOH 
LVII 
1) Mg, ether 
2) C02 
3) Acidification 
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LVII ! H2, Lindlar's Catalyst 
CH3-(cH2)y-CH=CH-CH2-CH=CH-(CH2)x-COOH 
LIV 
Following cuprous chloride catalyzed coupling of the propargylic 
bromide LV with the w-chloroacetylenic Grignard derivative LV to give 
the diyne LII, the possibility existed for introduction of the acid car-
boxyl via the nitrile (Route 1) or the Grignard reagent (Route 2), with 
subsequent partial catalytic hydrogenation of the diynoic acid LVII ob-
tained to the dienoic acid LIV. 
The proposed synthesis was unsuccessful for several reasons. 
Conversion of the chloride LII to the nitrile and hydrolysis to the 
acid LVII proceeded in low yield with considerable isomerization of 
the skipped acetylenic system. Alternate conversion of the chloride 
LII to the acid LVII via the Grignard reagent, after initial modest sue-
cess, failed to give significant yields of acid LVII . Finally, optimum 
conditions for the catalytic semi-reduction of the diynoic acid LVII to 
the dienoic acid LIV were never discovered. 
2. Development of Final Synthesis. 
a . Preparation of Skipped, Ethylenic Systems . 
While the all cis, skipped, unsaturated fatty acids appear to be, 
chemically speaking, rather simple compounds, the successful synthesis of 
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members of this group was long delayed because of the difficulty in pre-
paration of the skipped, unsaturated system. Until the method of coupling 
a propargylic bromide with an acetylenic Grignard derivative was de-
veloped, no effective synthesis was known. 
Boord Olefin Synthesis 
In the first two reported syntheses of a skipped, unsaturated acid, 
85 6 linoleic acid (III), (Sec . II,C; pp 19-22), ' attempts were made to gener-
ate a cis, skipped, diene system by application of the olefin synthesis 
101 35 104 . 
of Boord and co-workers, ' ' w~th the result that an inseparable 
mixture of products containing at least four isomers was obtained. The 
~-bromoethers LVIII, which in the Boord synthesis are the olefin pre-
101 
cursors, were prepared according to the following general method: 
R-CH -CHO 2 
R-CHBr-CHBr-OC H 2 5 
R'MgBr 
Cl 
I 
R-CH -CH-0-C H 2 2 5 
R-CHBr-CHR'-OC H 2 5 
LVIII 
The ~-bromoethers LVIII thus obtained consisted of mixtures of threo 
and erythro isomers which upon treatment with zinc led to the cis and 
trans olefins respectively. Since the molecule contained two double 
bonds generated by this method, the four possible isomers were obtained. 
Coupling of Acetylenic Grignard Derivatives 
and Propargylic Bromides 
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The preparation of cis, ethylenic fatty acids by hydrogenation 
f t 1 . . d. b T 1 d S 105 . d h o ace y enLC Lnterme Lates y ay or an trong poLnte out t e 
possibility of synthesis of cis, skipped dienes from the 1,4-diacetylenic 
precursors. Early attempts of T. Y. Lai to prepare ~-diacetylenes by 
coupling of a propargyl bromide with an acetylenic Grignard reagent were 
68 
unsuccessful. Reaction of a sodium acetylide LX with a propargyl 
bromide LIX at 140°C gave low yields of the desired skipped diyne LXI, 
R'-C: C-CH2-Br + Na-C~C-R 
LIX ! LX 140°C 
R'-C~C-CH2 -c=c-R + R'-c;:c-cH-c::c-R 'Z 
LXI LXII 
principally because reactivity of the methylene group situated between the 
two triple bonds led to further alkylation products LXII. 68 In 1936, 
Danehy, Killian and Nieuwland31 reported that small amounts of cuprous 
chloride promoted the vigorous coupling of an allyl bromide and an acety-
lenic Grignard reagent which when uncatalyzed had not coupled even after 
refluxing in ether for 23 days . Using cuprous chloride catalyst, Taylor 
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and Strong successfully coupled 1-bromooct-2-yne (XXXIV) and the 
Grignard reagent from 7-chlorohept-1-yne (LXIII), and obtained the 
CH3-(cH2) 4-c: c-cH2-Br 
XXXIV LXIII 
cH3 -(cH2) 4 -c~c-cH2 -c~ c-(cH2) 5 -cl 
LXIV 
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diyne LXIV in 24-25 percent yield. In every one of the successful, skipped, 
unsaturated, fatty acid syntheses, with the exception of work of Raphael and 
Sondheimer95 (Sec.II,C,3; p.23), the skipped, acetylenic system was made via 
cuprous chloride catalyzed coupling reaction. 
The coupling reaction has been examined by Gensler, Mahadevan, 
Thomas and Casella and the following statements appear to have been estab-
1 . h d 47,44,45,46 ~s e : 
1. No reaction occurs in the absence of catalyst. 
2. The cuprous acetylide is soluble in an ethereal solution of Grignard 
reagent but not in ether. At the end of the coupling reactions, the cuprous 
acetylide precipitates as a bright green solid. The rapid appearance of this 
green color can be used as a qualitative indication of completion of coupling 
(Sec.IV,G). Possibly the cuprous acetylide, which may be used in place of 
cuprous chloride, is directly involved in the catalysis. 
3. The reaction does not appear to be a radical process since the cata-
lysts which are known to promote radical Grignard reactions are ineffective in 
promotion of the coupling reaction. Furthermore, the reaction is much slower 
than would be expected of a radical process. 
The mechanism of the coupling reaction is unknown, but on the basis 
of the above data and by analogy with reaction complexes proposed for other 
G . d . 103,82 r~gnar react~ons, a cyclic reaction complex LXV had been sug-
gested: 44 
B 
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145 In view of recent work on the nature of the Grignard reagent, this sug-
gestion is no longer tenable. 
The solvent generally used in these coupling reactions has been di-
ethyl ether. It is now known that the coupling can be effected much more 
rapidly in tetrahydrofuran. 
In boiling tetrahydrofuran in the absence of cuprous chloride, 
none of the skipped acetylenic product is obtained. 36 Whether any reaction 
occurs is not known. The striking difference between results in boiling 
tetrahydrofuran and results in boiling ether, both with cuprous chloride, 
cannot be ascribed solely to temperature. The rate of Grignard reagent 
consumption in the coupling in tetrahydrofuran at the temperature of 
boiling ether is still many fold larger than the rate in boiling ether. 
Coupling of Vinyl Grignard Reagents 
with Allylic Bromides 
40 
A possible method for the synthesis of 1,4-dienes,87 the coupling 
of a vinyl Grignard reagent LXVI with an allylic bromide LXVII has not 
R-CH=CH-MgBr + 
LXVI 
Br-CH -CH=CH-R' 2 
LXVII 
received extensive study because the method of preparation of vinyl 
Grignard reagents has only recently been discovered. The problem of 
preparation of ~-vinyl halides LXVIII which would be expected to form 
cis-vinyl Grignard derivatives LXIX has apparently been solved. Skell 
Mg 
LXVIII LXIX 
98 
and Allen have reported that radical addition of hydrogen bromide to 
propyne (LXX) gave an olefinic product LXXI which was almost exclusively 
in the cis configuration. 
H 
CH -C: CH + HBr hv >-
I 
c 
'\ 
Br 
LXX LXXI 
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Radical addition of hydrogen bromide to both 1-hexyne and 1-heptyne also 
resulted in formation of cis-olefins with no trans-olefins detectable by 
. f d 1 . 41 ~n rare ana ys~s. 
While little is known about the stereochemical behavior of the 
vinyl Grignard reagent, it has been demonstrated that during the coupling 
of vinylmagnesium bromides with allyl bromide and with 1-bromohept-2-yne 
products are formed which contain significant amounts of trans contaminant.41 
Furthermore, reports of couplings of alkyl Grignard reagents with allylic 
halides likewise indicate that extensive isomerization of the allylic 
halide can be expected. Pr~vost91 has reported that coupling of ethyl-
magnesium bromide (LXXIII) with 1-bromopentene-2 (LXXII) resulted in iso-
lation of only 16 to 20 percent of the unrearranged product LXXIV while 
60 to 64 percent of the rearranged product LXXV was formed. In 1943, 
C H -CH=CH-CH -Br 2 5 2 
LXXII 
C2H5-CH=CH-n-C3H7 
LXXIV 
16-20% 
+ 
+ C H -Mg-Br 2 5 
LXXIII 
(C2H5) 2CH-CH=CH2 
LXXV 
60 - 64% 
26 Cleveland reported dsolation of 60 percent of the unrearranged product 
LXXVIII and 10 percent of the rearranged product LXXIX in the reaction of 
n-butylmagnesium chloride (LXXVII) with 1- chlorobutene-2 (LXXVI). 
CH -CH=CH-CH - Cl 3 2 
LXXVI 
CH -CH=CH-n-C H 3 5 11 
LXXVIII 
60% 
1 
+ 
+ n-C H -MgCl 4 9 
LXXVII 
CH2=CH-CH - n-c4H9 
CH3 
LXXIX 
10% 
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87 More recently, Normant has found that reaction of vinyl Grignard re-
agent (LXXXI) with 1-bromopentene-2 (LXXX) yielded a mixture of dienes. 
C2H5-CH=CH-CH2-Br 
LXXX 
+ CH2=CH-MgBr 
LXXXI 
mixed dienes 
b. Reduction of Acetylenes to cis Olefins. 
The reduction of acetylenes to olefins can be accomplished either 
catalytically or chemically. Recent developments, particularly in chemi-
cal reducing agents, allow a wide choice of reagents and catalysts to fit 
the specific purpose. Reagents for the partial reduction of acetylenes 
to olefins can be described in terms of stereospecificity, that is the 
ability to produce either cis olefins to the exclusion of trans or vice 
versa, and selectivity, that is the ability to yield olefinic products 
to the exclusion of saturated material and unreacted acetylenes. In 
choosing the method for semi-reduction of triple bonds, the ultimate aim 
of the research must be kept in mind. In the present work, the prepara-
tion of pure cis, skipped dienes, uncontaminated by trans or positional 
isomers was desired. 
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Catalytic Semihydrogenation of Acetylenes 
When the semi-reduction of acetylenes to olefins is desired, gen-
erally the most commonly used method is that of catalytic hydrogenation. 
A recent review of fatty acid syntheses42 contains an adequate description 
of this method and numerous examples of its application. Catalytic semi-
reductions utilizing nickel or palladium catalysts are generally char-
acterized by rapidity and simplicity of reaction and ease of isolation 
of product in a pure form. Many reports indicate the highly stereo-
specific formation of cis olefin and often cessation of reaction at 
the olefin stage. 
70 Several attempts to partially reduce over Lindlar's catalyst, 
the acetylenic acid LXXXII, prepared according to the scheme first pro-
posed (Sec.III,B,l), led to isolation of a product containing signifi-
cant amounts of trans isomer, indicated by absorption bands in the infra-
red at 10.35 microns. 7 The same results were observed during partial 
CH -(CH) -C; C-CH - - ~C-(CH) -COOH 3 2 3 - 2 2 8 
LXXXII 
1 H2, Lindlar's catalyst 
CH -(CH ) -CH=CH-CH -CH=CH-(CH ) -COOH 3 2 3 2 2 8 
reduction of 1-chloroheptadeca-9,12-diyne. In every case hydrogenation 
showed no sign of completely stopping at the half-way point. Poisoning 
of the catalyst with quinoline had no noticeable effect in stopping hydro-
genation at the olefin stage. 
Hydrogenation of the same diynoic acid LXXXII with Cram's 
catalyst, 30 5% palladium on barium sulfate poisoned with quinoline, 
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gave the same results as noted above. In this case, however, reaction 
often took 18 to 24 hours. 
All attempts to remove the trans contaminant from the desired 
cis isomer, a notably difficult job, 71 met with failure. 
Another method which has been used for the preparation of cis-
olefins, namely, semi-reduction of acetylenes over zinc-copper couple 
in ethanol, has been suggested to be a catalytic process. 93 In 1957, 
Clark and Crombie25 reported the use of this couple in the preparation 
of oleic acid (LXXXIV) in high yield from stearolic acid (LXXXIII). No 
elaidic acid could be detected , and after 7 days of refluxing in boiling 
ethanol less than 3 percent of stearic acid was produced. 
LXXXIII 
l Zn-Cu. Ethanol 
LXXXIV 
In an attempted reduction of 1-chloroheptadeca-7,10-diyne with 
zinc-copper couple in ethanol, only unreacted starting material was re-
covered after 12 hours of refluxing. 
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Difficulties with catalytic semi-hydrogenations have been reported 
by others. Crombie28 has pointed out that two drawbacks in the use of 
catalytic hydrogenation of acetylenes in preparation of cis-olefins are 
that some trans isomers are formed, and some saturated compound is 
formed while unreacted acetylene still exists. Holme, Jones and Whiting56 
LXXXV ! H2, Lindlar's catalyst 
CH3-CH=CH-CH=CH-CH=CH-CH=CH-CH3 
LXXXVI 
in the partial reduction of deca-cis-2, cis-8-dien-4,6-diyne (LXXXV) with 
Lindlar's catalyst were able to isolate only 20 percent of the all cis-
11 tetraene LXXXVI. Furthermore Blekkingh, Jansses and Keppler have 
shown that nickel and palladium catalysts at 20°C and 100°C respectively 
caused extensive positional isomerization of double bonds, a consideration 
which should not be overlooked. 
Chemical Semi-reductions of Acetylenes 
In 1956, Wilke and MUller118 published a report of the stereo-
specific and selective reduction of tolane (LXXXVII) to cis-stilbene 
(LXXXVIII) and 3-hexyne to cis-3-hexene using the organometal diiso-
butylaluminum hydride as the reducing agent. Simple distillation pro-
duced products containing less than 1 percent trans contaminant as 
-<;: c- (isobutyl)2AlH '> 
H H 
\ I 
-<;=C-
LXXXVII LXXXVIII 
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determined by infrared analysis. It was also reported that below 70 to 
80°C no addition of the reducing agent to double bonds took place and 
no double bond migration along the chain was observed. 
The reduction which is carried out in the absence of solvents, 
but which is unaffected by the presence of petroleum fractions in small 
amounts (Sec.IV,H) apparently proceeds by cis-addition of aluminum and 
118 hydrogen to the acetylene, possibly by a four center reaction mecha-
nism, to give a trialkyl aluminum LXXXIX with aluminum bound to a double-
bonded carbon, which on reaction with alcohol affords ultimately the 
R R 
\I 
Al 
-c:c-
H 
trialkoxy aluminum XCI and a ~-olefin XC. 
R2Al H 
' / 
-<; = c- + 3R10H 
R R 
\ I 
Al 
' / 
-<; = c-
LXXXIX 
H H 
\ I 
H 
)r C = C + (R 10) 3A1 + 2RH 
Xp XCI 
In the present work, diisobutylaluminum hydride has been success-
fully used in the cis-stereospecific and selective reduction of 1,4-diynes 
to 1,4-dienes. An unusual feature of this reaction, the fact that two 
47 
separate reductions were necessary to arrive at the diene, is discussed 
below (Sec.III,C,7). 
While other dialkyl aluminum hydrides are known, no others have 
been reported to react in this manner with acetylenes. Bohlmann and co-
12 
workers attempted unsuccessfully to reduce an acetylene to an olefin 
with diethylaluminum hydride in ether solvent. It is not certain whether 
the failure of diethylaluminum hydride was because of formation of a 
14 
complex with the ether solvent or because of the dimerization of the 
reagent. 27 
Another recent development in the reduction of acetylenes to 
olefins is the cis-hydroboration method, reported by Brown and Zweifel19 
to be highly selective and stereospecific . This method was not exten-
sively investigated for the preparation of cis-dienes; however, the at-
tempted reduction of 1-chloroheptadeca-4,7-diyne with diborane resulted 
in the isolation of a product which had infrared absorption in the car-
bonyl region and appeared to contain a conjugated double bond and some 
trans isomer . 
The use of diborane in the reduction of skipped acetylenes may 
present some serious problems. The already demonstrated facile migra-
tion of boron in hydroborated olefins may take place in hydroborated 
acetylenes as well . The diborated compound, e.g. XCII, and XCIII, by 
migration of boron might then undergo further hydroboration, this time 
at the olefinic bond, to produce ultimately a more saturated compound 
XCIX than desired. 
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b* H H b 
I I I I 
R-CH2-cH2-c = C-CH2-c = C-CH -R' 2 
b H H t H b 
I I I I I 
R-cH2-CH - c = C-CH2-c = C-CH -R' 2 
XCII 
b + H 
b 
I I I 
R-CH - CH -CH = CH-CH -C = C 2 2 - CH -R' 2 
XCIII 
~ b*H b b H H b 
I I I I I 
R-CH-CH - CH 2 - CH - CH - C 2 ... c - CH -R' 2 
~ 
R-CH -CH -CH -CH -CH -CH=CH-CH -R' 2 2 2 2 2 2 
XCIV 
b = 1/3 B 
Finally, if two treatments with diborane, as was the case with 
diisobutylaluminum hydride, are required to reduce both acetylenic bonds, 
then, during the second treatment, the addition of diborane to the ethyl-
141 
enic bond formed in the first treatment, can be expected. 
3. Introduction of the Carboxylic Function into the Molecule . 
The introduction of the carboxylic acid group into the fatty acid 
precursor presented another critical phase in the current synthesis of 
three isomers of linoleic acid. The several methods used in previous 
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skipped, unsaturated, fatty acid syntheses had to be considered in view 
of the overall route adopted in this research. The decision to prepare 
the ~-1,4-diene system by reduction of the diyne with diisobutyl-
aluminum hydride eliminated not only the possibility of utilizing any 
method of direct introduction of the acid group during formation of the 
diyne system, (cf. Osbond and Wickens, Sec. II,C,6) but also the possi-
bility of synthesizing the diynoic acid prior to the dienoic acid (cf. 
Sec.II,B,l). 
Malonic Ester Synthesis 
47 In the syntheses of Gensler and Thomas and Raphael and 
Sondheimer, 95 the carboxylic acid was introduced as a two-carbon frag-
ment into the iodohexadecadiyne XXVIII by the malonic ester synthesis. 
XXVIII 
t Malonic Ester Synthesis 
CH3-(CH2)4-c: c-CH2-c: c-(CH2) 7-cooH 
The low yields obtained were no doubt due in large part to the well es-
tablished lability47 , 43 of the methylene hydrogens in the skipped, 
acetylenic system when subjected to basic conditions. Since similar base 
BH+ + -c: c-cH-c: c-
-
-C=C=CH-c: c-
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lability in the 1,4-diene is also known, 17 it is probable that low 
yields of pure dienoic acid and difficultly separable mixtures would 
result. 
Nitrile Synthesis 
While the introduction of the carboxylic acid group via the 
nitrile was not attempted in this work on the chloroheptadecadienes 
LIII (p . 33), several unsuccessful attempts were made to convert the 
chloroheptadecadiynes LII (p.34) to the acid in this manner. 
Attempted conversion of chloro- and iodoheptadecadiynes into 
nitriles with alkali cyanides in alcohol resulted in the production of 
large amounts of tarry materials from which no pure products could be 
obtained. 
Various other methods of converting the halogen derivatives LII 
into nitriles were equally unsuccessful. Attempted r eactions of the 
23 diyne halides LII with cuprous cyanide in xylene, while not giving 
any tars or isomerization products, led only to recovery of starting 
. 1 s b . . f . '1 114 f 1 . h b mater1a s. u st1tut1on o aceton1tr1 e or xy ene 1n t e a ove 
reaction likewise produced no favorable results and again only starting 
material was recovered. 
The use of alkali cyanides at pH 3-5 in the presence of copper 
13 powder, a method used successfully by Bohlmann to convert the bromo-
dienyne XCV to the nitrile XCVI was not attempted in this research. 
HC C-CH=CH-CH=CH-CH -Br 2 
XCV 
! NaCn, pH 3-5 
HC C-CH=CH-CH=CH-CH -CN 2 
XCVI 
Carbonation of Grignard Reagents 
The carbonation of a Grignard reagent, a very commonly used 
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method of introducing carboxylic acid groups into molecules, was success-
fully applied in the current research. Early attempts here to prepare 
Grignard reagents from 1-chloroheptadeca-9,12-diyne (XCVII) were reasonably 
successful, and after carbonation yields of 40 to 50 percent of crystalline 
diynoic acid XCVIII, m.p. 34-35°C, neutralization equivalent, 280 
(theoretical 276.4) were obtained. Thereafter, all attempts to prepare 
XCVII 
! 1) Mg 2) C02 
CH -(CH ) -c: c-CH -c=c-(CH ) -COOH 3 2 3 2 - 2 8 
XCVIII 
Grignard reagents from the chloroheptadecadiyne XCVII were unsuccessful. 
Conversion of the 1-iodoheptadecadiynes XCIX to a Grignard derivative could 
be initiated, but after carbonation only very small amounts of acid c, 
CH3-(cH2)x-C: C-CH2-c=c-(CH2)y-I 
XCIX 
l 
1) Mg 
2) co2 
c 
+ 
[ CH3-(CH2)x-c: c-CH2-c: c-(CH2)Y--J 
2 
CI 
(<20%) 
never more than 20 percent and usually far less, could be obtained. 
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Low melting solids which analyzed for the Wurtz's type coupling product 
CI were obtained as the major product. 
There are no reports in the literature of successful prepara-
tion of a Grignard reagent from unsaturated halides of the type discussed 
above. Significantly, the attempted synthesis of a 1,4-diacetylenic fatty 
105 
acid by Taylor and Strong was unsuccessful because of the inability 
of these workers to prepare a Grignard derivative of the pentadecadiyne 
derivative CII. 
CII ! 1) Mg, ether 
No reaction 
Likewise, Crombie and Jacklin29 were unable to initiate a Grignard 
reaction of the enyne CIII. 
CH3-(CH2) 6-c: c-CH-CH=CH-(CH2) 4-cl 
CIII t 1) Mg, ether 
No reaction 
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The reason for the failures in attempts to prepare Grignard 
derivatives of the compounds described above is not at all clear. In 
the case of the present research, however, reduction of the chlorohepta-
decadiynes LII to the corresponding dienes LIII then allowed the Grignard 
derivative to be prepared in good yields (Sec.IV,I). 
Other Methods 
Probably to circumvent the difficulties of the above methods of 
introducing the carboxyl group into the fatty acid precursor, Walborsky, 
Davis and Howton113 and later Nigam and Weedon84 introduced the potential 
acid group during formation of the skipped acetylenic system by coupling 
the appropriate propargylic bromide with the Grignard derivative of the 
acetylenic acetal XXXIII. Subsequent hydrolysis of the acetal and mild 
oxidation of the aldehyde obtained yielded the acid. This method was 
XXXIII 
not seriously considered for the present research chiefly because of the 
difficulty in preparation of the appropriate acetylenic acetals, and also 
because of the possibility of reduction of the acetal by the reagent di-
isobutylaluminum hydride. 
Another method for introducing the acidic function into fatty 
acid molecules at the time of formation of the skipped diyne system was 
devised by Osbond and Wickens. 60 Interestingly a reagent such as XLV 
can be coupled with a propargylic bromide under the usual conditions 
without addition of acetylenic Grignard reagent to the acid carbonyl. 
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XLV 
The magnesium bromide salts of carboxylic acids are, therefore, unreactive 
to acetylenic Grignard reagents relative to coupling with a propargylic 
bromide in tetrahydrofuran. While the advantages of this device are ob-
vious, the subsequent use of diisobutylaluminum hydride to reduce the 
acetylenic group would be prevented since it has already been shown that 
81 121 this aluminum hydride reduces acids to alcohols. ' 
The elegant method of oxidation of a tosylate to an aldehyde re-
67 ported by Kornblum, Jones, and Anderson appears readily adaptable to 
skipped, unsaturated fatty acid syntheses. The method consists of treat-
ment of a halide CIV with silver tosylate, and oxidation of the crude 
tosylate CV with dimethyl sulfoxide and sodium bicarbonate solution. The 
R-CHO 
CIV CVI 
oxidation takes approximately five minutes, and the aldehyde CVI obtained 
can readily be oxidized to the acid. 
C. Discussion of Experiments. 
1. 1,8-0ctanediol. 
l)LiAlH4 c2H500C-(CH2) 6-cooc 2H5------'--~ 2)Hydrolysis 
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A new method, somewhat easier than previous methods (cf. Huber, 57 
110 1 Vogel, Abrahams), for the isolation of the product of the above re-
duction, and applicable to reductions of other dicarboxylic acids which 
give the slightly ether-soluble (C6 through c9) diols, was devised. 
The insoluble lithium aluminum complex was isolated by suction 
filtration and was treated with the minimum amount of 20 to 30 percent 
sulfuric acid necessary to effect solution of the salts. The slightly 
ether soluble d~ols were extracted with ethyl acetate from which the 
diols were then crystallized. 
Previous methods of isolation of product involved the more 
tedious decomposition of the reaction complex in the presence of the 
solvent and repeated extraction of the sparingly-ether-soluble diols with 
large volumes of ether or by continuous ether extraction. 
2. a-Chloro-w-iodoalkanes. 
Cl-(CH ) -Cl 2 X 
Cl-(CH ) -Cl 2 X 
+ Nai 
t Acetone 
The chloroiodoalkanes were prepared by the same method used by 
Huber, 57 Ahmad, Bumpus and Strong~ and Gensler and Thomas. 47 Prior to 
purification of the product by fractional distillation, the crude mix-
ture was filtered through a column of chromatographic grade alumina 
which apparently removed iodine dissolved in the crude material. 
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The procedure was adopted for two reasons: 
a. Attempts to fractionally distill the unfiltered material were 
only partially successful. No sharply boiling fractions were obtained, 
but rather a gradual and constant increase in boiling point from start 
to finish of the distillation was noted. After filtration through 
alumina, good separations were obtained during fractionation. 
b. Attempted distillation of the unfiltered material resulted in 
considerable decomposition of product. 3 Strong, et al noted this decom-
position during purification of 1-chloro-9-iodononane. After filtration 
of the crude material through alumina, no significant amount of decom-
position was observed. 
3. w-Chloroalkynes. 
The w-chloroalkynes were easily prepared according to the follow-
ing reactions: 
2Na + 2NH3 
liquid ~ 2N NH 
ammonia a 2 + H2 
l~uid > NaC CH + NH3 3 
Nac: CH + Cl-(CH2)x-I liquid~ Cl-(CH ) -C: CH + Nai NH3 2x 
Th d d .b d b v 1111 d h 194 d 1 d e proce ures escr~ e y oge an Rap ae a equate y e-
scribed this reaction. It was found unnecessary to cool the reaction 
mixture below the boiling point of liquid ammonia (ca. -34°) during 
addition and reaction of the chloroiodoalkanes. By allowing the liquid 
ammonia to reflux, it was possible to shorten the reaction time to six 
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hours. Even under the latter conditions, the replacement of chlorine 
by acetylene did not take place to any extent as indicated by the yields 
reported in Tables VII, VIII and IX, following Section IV, D. 
4. 1-Chloroheptadecadiynes. 
CH3-(CH2)y-c: c-CH2-Br + BrMgC: C-(CH2)x-Cl 
t CuCl 
LII 
The chloroheptadecadiynes LII were prepared by the copper-
catalyzed coupling of propargyl bromides and acetylenic Grignard reagents 
. 44 47 
using the general procedure developed prev1ously. ' The course of the 
coupling reaction was followed when necessary by an acid-base titration 
similar to that used by Gilman.48 A convenient, qualitative indication 
of the termination of the coupling reaction was the appearance of a 
bright green precipitate, shown to be the copper acetylide.44 In di-
ethyl ether solvent, the appearance of this precipitate was not gradual 
but rather abrupt giving an excellent indication of the end of the re-
action. In tetrahydrofuran solvent the appearance of green precipitate 
was more gradual than in ether, but by careful observation the termina-
tion of the reaction could be determined by this method. 
The coupling reaction was shown to proceed many times faster in 
tetrahydrofuran solvent than in ether, Tables XVIII, XIX and XX. The 
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yield of product in both solvents was approximately the same. On 
these grounds, tetrahydrofuran should be the preferred solvent for 
coupling reactions. 
The skipped diynes once obtained must be handled carefully to 
avoid isomerizations and decompositions. Exposure of a colorless sample 
of diyne to air results in immediate development of color and eventual 
formation of black tars. For this reason the samples were sealed under 
vacuum directly upon distillation. Facile acetylene-allene isomeriza-
tions in 1,4-diacetylenic systems have been reported and are known to 
43 be base catalyzed. For this reason the use of even such mild bases 
as bicarbonate was avoided in working up the diynoic material. Possibly 
as a result, no significant amounts of allenic materials were encountered 
in these syntheses. 
Examination of the infrared spectra of the three chloroheptadeca-
diynes, Figures 1, 2, and 3, reveals the presence of the cluster of three 
peaks near 4.5 microns (shown in 5 times scale expansion in the lower 
segmented curves) which has been assigned to the skipped 1,4-diacetylenic 
44,45,46 d b . . . h . b 5 0 5 2 system, an no a sorptLon maxLma Ln t e regLon etween • - • 
microns which is generally attributed to allenic absorptions. 8 
A strong absorption maximum at 7.61 microns appears to be char-
acteristic of acetylenic systems since this absorption is not present in 
the spectra of the corresponding dienes (cf. Figures 4,5 and 6). No 
specific vibrational mode has been correlated with this absorption. 
The absorption maximum near 15.3 microns is probably a result 
f h C Cl h . 'b · 136 · e it a 1 · t f o t e - stretc Lng VL ratLon SLnc ppears on y Ln spec ra o 
compounds which contain a C-Cl bond. 
5. 1-Chloroheptadecadienes. 
CH3-(cH2)y-c=c-cH2-c=c-(CH2)x-Cl 
LII 
1) (isobutyl) 2AlH 
2) MeOH 
3) (isobutyl) 2AlH 
4) MeOH 
CH3- (CH2) y -CH=CH-CH2-CH=CH- (CH2) X -Cl 
LIII 
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The dicis-chloroheptadecadienes LIII were prepared from t he diynes 
by selective and stereospecific reduction of the acetylenes using diiso-
n 117 butylaluminum hydride as recommended by Wilke and Muller. The yields 
of cis-diolefins were very high, ranging from 82 to 95 percent overall 
for the two reductions, after chromatography on silica gel. 
Reduction of the skipped acetylene LII by a single treatment with 
diisobutylaluminum hydride yielded an oil, which was thought to be the 
skipped diene, and which had infrared absorption maxima near 3.31 and 
6.04 microns, characteristic of =C-H stretching and C=C stretching vibra-
tions respectively, 9 and no absorption maxima near 4.5 microns, the c=c 
h . . 10 stretc 1ng reg1on. Qualitative hydrogenation of this oil over reduced 
platinum oxide resulted in absorption of about three moles of hydrogen. 
Correct elemental analysis for chlorine eliminated the possibil ity that 
the extra mole of hydrogen was used in reduction of the halogen group. 
Furthermore, the hydrogenated material had an infrared absorption maximum 
near 15.3 microns which, during the current study, was observed only in 
compounds which had a e-el bond. Quantitative hydrogenation (Schwarzkopf 
Microanalytical Laboratory) of the acid prepared from the once-reduced 
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chlorodiyne resulted in absorption of 2.74 moles of hydrogen. The neutra-
lization equivalent of this acid was found to be 276.0 (Theoretical: for 
octadecadienoic acid 280.44; for octadecaenynoic acid 278.42.) From this, 
it appeared that the product obtained on single treatment of the chloro-
heptadecadiyne with the reducing agent was a chloroheptadecaenyne. At any 
rate, two treatments of the chloroheptadecadiyne with diisobutylaluminum 
hydride produced a product which absorbed about two moles of hydrogen upon 
qualitative hydrogenation over platinum catalyst, and which analyzed cor-
rectly for the diene LIII. 
A possible explanation for the failure to effect reduction of both 
acetylenic groups on a single treatment of the skipped diyne with diiso-
butylaluminum hydride was afforded by examinations of molecular models. 
The addition of one molecule of reducing agent to either carbon atom of 
one of the acetylenic groups produced a compound (e . g.CVII) in which the 
CH3 CH3 
" / CH-CH 2-Al-CH 2-CH 
cH:( / H CHJ 
CH3-(cH2)y-C = C-CH2-c=c-(CH2)x-Cl 
CVII 
second acetylenic group could be effectively shielded from approach of a 
second molecule of reducing agent. 
The infrared spectra of the chloroheptadecadienes, Figures 4,5 
and 6, all show absorption maxima at 3.31 and 6.04 microns which are 
characteristic of =C-H stretching and C=C stretching frequencies respec-
tively,9 as well as a maximum near 15.3 microns which is characteristic 
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of the C-Cl stretching vibration. 
The absorption at 7.15 microns in the spectra of the dienes, 
Figures 4, 5 and 6, which is not present in the spectra of the corres-
ponding diynes (cf. Figures 1, 2 and 3), may be a result of cis-
disubstituted olefinic vibration. A small peak at 10.35 microns is 
believed to be characteristic of the out-of-plane bending of trans-
7 
ethylenic hydrogen. Assuming this is correct, the extent of con-
tamination of product by trans-isomer must be quite small, because 
the acids and esters prepared ftomthese chloroheptadecadienes have 
no absorption maxima detectable at this wavelength (cf. Figures 7,8,9, 
11,12,13). Furthermore, the spectrum of a mixture of one percent 
methyl vaccenate (methyl-~-11-octadecenoate) and 99 percent methyl 
linoleate, Figure 15, clearly shows an absorption maximum at 10.35 
microns, as a result of the ~-double bond of the vaccenic acid 
ester. 
6. Octadecadienoic Acids. 
CH3-(CH2)y-CH=CH-CH2-CH=CH-(CH2)x-Cl 
LIII 
1) Mg, Ether 
2) C02 
3) H+ 
CH3-(CH2)y-CH=CH-CH2-CH=CH-(CH2)x-COOH 
LIV 
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The octadecadienoic LIV acids were prepared in yields ranging 
from 79 to 84 percent from the chloroheptadecadienes LIII by formation 
of Grignard derivatives using the method of "entrainment", 62 followed 
by carbonation with gaseous carbon dioxide at low temperature. None 
of the difficulties previously described (Sec.III,B,2c) in the at-
tempted preparation of diynoic acids was encountered in this case. 
The usually difficult separation of fatty acids from non-acidic 
materials was easily accomplished by chromatography on silica gel. The 
acids were distillable under high vacuum without excessive decomposition 
or polymerization and with little detected cis-trans isomerization. 
The neutralization equivalents, iodine values and elemental 
analyses of all three synthetic acids were in excellent agreement with 
theoretical values (cf. Tables XXV-XXIX; Sec.IV,J). Saturation with 
Adams' catalyst produced only stearic acid and in yields greater than 
97 percent. 
Oxidative degradation of the synthetic acids and gas chromato-
graphic analysis of the products of degradation showed that a maximum 
of 5.7 percent of improper dibasic acids were produced in the degradation. 
If these undesired degradation products were produced by oxidative 
cleavage of improper positional isomers of the synthetic acids, then it 
would be reasonably safe to assume that migration of the unsat~ted 
linkage occurred in a skipped diynoic or dienoic material. It seems 
improbable that migration of an acetylenic bond could occur without for-
. f 11 . . 1 43 mat~on o a en~c mater~a • However, no evidence of allenic absorption 
was detected in the infrared spectra of the chloroheptadecadiynes, Figures 1, 
2 and 3. 58 Furthermore, it has been demonstrated by Keppler that 
63 
isomerization of skipped ethylenic bonds occurs only to the conjugated 
material. But contamination from conjugated diene, calculated from the 
ultraviolet spectra, 54 Figures 16, 17 and 18, was found to be a maximum 
of 0.87 percent. 
For these reasons it is probable that the 5.7 percent, maximum, 
improper degradation products were produced not by oxidative cleavage 
of positional isomers of the desired synthetic acids but by secondary 
oxidation of cleavage products of the proper synthetic acids. This view 
is supported by the observation, by Keppler, 58 that approximately 3 - 6 
percent secondary oxidation products were produced in the ozonization of 
unsaturated fatty acids. 
The infrared spectra of the three synthetic acids, Figures 7, 8 
and 9, were quite similar to the spectrum of linoleic acid, Figure 10 
(Hormel Foundation; high purity, natural acid), and exhibited no ab-
sorption in the region of 10.35 microns, the wavelength generally attri-
buted to out-of-plane deformation of trans- =C-H. 7 
Results of gas-liquid chromatographic analysis of the methyl 
esters of the three synthetic acids indicated that their purity was 
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of the order of 98 to 99 percent. 
D. Characterization of the Synthetic Acids. 
1. Neutialization Equivalent. 
In order to successfully detennine the neutralization equivalent 
(N.E.) of the skipped, dienoic acids, it was necessary to follow, care-
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fully, the procedure described in Sec.IV,J,l. Failure to protect the 
fatty acid from oxygen resulted in neutralization equivalents which 
were too high. This is probably a result of the rapid autoxidation 
f h f .d b . 1 d d f 1. 1 . .d 61 o t e atty ac1 , an o servat1on a rea y reporte or 1no e1c ac1 • 
The method of determination of the neutralization equivalent 
was checked by standardization against stearic acid (Fisher Chemical 
0 Co.; mp 69-70 C). As shown in Table XXV (Sec.IV,J,l) the maximum 
error in determination of the N.E. was 0.90 percent. 
2. Kaufmann Iodine Value. 
Iodine values (I.V.) for the synthetic dienoic acids and for 
linoleic acid (Wijs Iodine Value: 181.0, reported by Hormel Foundation) 
were determined by the method of Kaufmann as reported in Cheronis and 
E .k. 24 ntr1 1n. The reasons for choice of this method were the simplicity 
in the preparation of reagents and the requirement of as little as 10 
milligrams of fatty acid. The I.V. reported herein were consistently 
higher (184.7 ± 0.9) than the theoretical value (181.03). The reason 
for the consistently high values is not known. Restandardization of the 
thiosulfate solution used in the I.V. determinations eliminated this 
possibility as the source of the error. 
The iodine values of some chloroheptadecadiynes determined under 
exactly the same conditions as the I.V.'s of the dienoic acids, were 40 
to 45 percent lower than the theoretical iodine values for chloroheptadeca-
diene. Evidently the slightly-higher-than-theoretical iodine values of 
the dienoic acids cannot be a result of contamination by acetylenic 
material. 
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3. Hydrogenation with Adams' 6atalyst. 
Hydrogenation with Adams' catalyst of 6-8,11-, 6-9,12- (Hormel 
Foundation; high purity, linoleic acid), 6-10,13- and 6-11,14-octadeca-
dienoic acids resulted in absorption of 1.84, 1.52, 1.61 and 1.85 moles 
of hydrogen respectively (Table XXVII;Sec.IV,J,3). The results are not 
as far out of line as they at first appear, since two possible sources 
of error exist. 
a. The apparent quantity of hydrogen absorbed, when the reaction 
is carried out in an unthermostated apparatus, is sensitive to the am-
bient temperature. Variations of 10°C in the room temperature were not 
uncommon. A change of only 2°C in the temperature of the reaction mix-
ture would have caused an apparent change of 0.1 mole in the amount of 
hydrogen absorbed. 
b. While weighing the acid sample, no precautions were taken to 
protect it from atmospheric oxygen. As noted in Sec.III,D,l, failure to 
protect the acids from oxygen led to values of the neutralization equi-
valent which were too high, presumably because of autoxidation. It is 
possible that this same phenomenon contributed to the low hydrogen ab-
sorption of the samples. 
For the above reasons, greater reliability was placed on iodine 
values as a criterion of unsaturation than on hydrogenation. 
The isolation of gr .eater than 97 percent of the theoretical 
amount of stearic acid as the product of hydrogenation of the dienoic 
acids indicates that no branching in the chain had occurred. 
4. Oxidative Degradation of the Unsaturated Acids. 
CH3-(cH2)y-eH=CH-CH2-eH=eH-(CH2)x-eOOMe 
CVIII 
l 
1) 
2) 
Ozonolysis 
CIX ex 
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The position of the double bonds in the synthetic fatty acids 
was determined by oxidative degradation of the methyl esters of the 
58 
acids CVIII with ozone using the procedure reported by Keppler. 
The esters of the acids eiX and ex, obtained as products of ozonolysis, 
were analyzed by gas-liquid chromatography and their retention times 
were compared with the retention times, measured under the same condi-
tions, of authentic samples of the fatty acid esters. 
Because of the high solubility of malonic acid in water, all of 
this dicarboxylic acid produced in the ozonolysis was presumed lost in 
isolation of the degradation products; therefore, only the remaining 
dicarboxylic acid ex and the monocarboxylic acid CIX fragments were 
identified. 
The results of the degradation and analysis which are tabulated 
in Table XXVIII (Sec.IV,J,4) indicated that the double bonds were 
located in the expected positions. The approximate weight percent of 
positional isomer contamination was obtained from the ratio of the areas 
of the gas-chromatogram peaks not corresponding to expected degradation 
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59 products with the peaks of the expected degradation products. The 
percentage of contaminants determined in this manner varied between 2.9 
and 5.7 percent (Table XXVIII). In itself this is not considered ex-
cessive when compared with the 9.7 percent contamination determined 
for a high-purity sample of linoleic acid (Hormel Foundation) oxidized 
and analyzed exactly as were the synthetic acids (Table XXVIII). The 
unexpected degradation products were probably produced by secondary 
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oxidation of the ozonization products. The actual amount of posi-
tional isomer contamination is probably much less. It is felt that 
the amount of conjugated diene (cf. data, Sec.IV,I) as determined from 
the ultraviolet spectra, Figures 16 - 19, more closely represents the 
positional isomer contamination, since it has been shown58 that migra-
tion of a double bond in a skipped dienoic acid, such as linoleic acid, 
results in formation of the conjugated diene. 
5. Derivatization: Fatty Acid Tetrabromides. 
CH3-(cH2)y-CH=CH-CH2-cH=CH-(CH2)x-COOH 
LIV 
Br 
I 
CH -(CH ) -CH -3 2 y 
Br 
I 
- CH-(CH ) -OOOH 2 X 
The tetrabromides CXI of the three synthetic acids LIV and 
natural linoleic acid exhibited melting points which increased in order 
from the 8,11-octadecadienoic acid to the 11,14-octadecadienoic acid 
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(Table XXIX;Sec.IV,J,5). Before any definite conclusions can be drawn 
concerning the melting points and mixed melting points of these acids 
(Table XXIX), recrystallization to constant melting point is necessary 
since the tetrabromide of linoleic acid, mp 109-110°C, has a melting 
point several degrees below that reported in the literature for tetra-
bromide of linoleic acid, mp 113.2 - 113.8°C. 
6. Gas Chromatographic Analysis . 
Estimations by Lipsky and Landowne72 of the homogeneity of the 
methyl esters of the three synthetic acids and of natural linoleic acid 
(Hormel Foundation; high-purity, natural acid), obtained by gas-liquid 
chromatography, indicated that isomer purity was in the 98 - 99 percent 
range. GLC analysis of the methyl esters of the synthetic acids on 
both polar (glutarate ethylene glycol polyester) and non-polar (poly-
butene) capillary columns served to establish the separation factors 
of these esters relative to methyl stearate (Table XXX; Sec.IV,J,6). 142 
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IV. EXPERIMENTAL PART 
The following section contains the experimental procedures 
developed during the course of this research. The procedures presented 
here are those which have been found to best give the desired results. 
Whenever applicable, tables summarizing the results of several dif-
ferent experiments are included at the end of the appropriate pro-
cedure. 
It should be noted that throughout the course of this research, 
all solvents and common chemicals used were reagent grade and should 
be assumed to be so unless otherwise stated. 
A. Synthesis of 1,8-0ctanediol. 
1,8-0ctanediol was prepared by a modification of the procedure 
used by Huber.57 A solution of 26.0 g.(0.685 mole) of lithium aluminum 
hydride (Metal Hydrides; 95% pure) and 700 ml. of sodium-dry ether was 
refluxed in a 3-liter, three-necked flask fitted with a mercury sealed 
stirrer, a reflux condenser, and a pressure-equalizing dropping funnel 
for 20 minutes. A slight pressure of dry nitrogen was maintained over 
the reaction mixture. The grey solution contained a slight amount of 
insoluble solid which did not interfere with the subsequent reaction. 
To this mixture, a solution of 100 ml. of sodium-dry ether and 85.0 g. 
(0.42 mole) of dimethyl suberate, ~ 25 1.4315, obtained by esterifica-
tion of suberic acid (Matheson, Coleman and Bell; ~ 139°C) in excess 
108 
methanol, according to Vogel, was added dropwise with stirring but 
without heating over a two hour period. The mixture was refluxed for 
30 minutes after completion of addition of the ester. 
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The excess lithium aluminum hydride was decomposed by adding 
dropwise, with stirring, 100 ml. of ethyl acetate, dried over anhy-
drous calcium chloride, and 100 ml. of sodium-dry ether. Further ad-
dition of ethyl acetate produced no visible evidence of reaction. The 
precipitated, undecomposed, hydride complex was separated from solvent 
by filtration. The solvent was evaporated to dryness at full, water 
pump vacuum on a steam cone. No residue remained, a fact which in-
dicated that no decomposition of the complex had taken place. 
The white-grey, solid complex in a 2-liter beaker, cooled in an 
ice bath, was decomposed by careful addition, with occasional stirring, 
of about 1200 ml. of 20% sulfuric acid. The decomposition was ex-
othermic and must be carried out with care. The two layers that formed 
were separated in a separatory funnel. The organic layer, largely diol, 
solidified at room temperature. The aqueous layer was washed three 
times with 100 ml. portions of ethyl acetate. The combined solvent 
and diol layers were washed once with saturated sodium bicarbonate 
solution, several times with 100 ml. portions of water and dried over 
anhydrous magnesium sulfate. 
The drying agent was removed by filtration and approximately 
200-225 ml. of the solvent were removed on a steam cone, under water 
0 pump vacuum. Upon standing overnight in a refrigerator at about 5 C, 
the diol crystallized as white, stubby needles. The crystals were 
collected by filtration, washed with cold ether on the filter and air 
dried overnight. The product 42.1 g. (0.29 mole) of crystalline 
material, mp 58.5 - 59.5°C (melting paint of 1,8-octanediol reported 
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0 57 by Huber 55 - 58 C ) represented a yield of 68.6 percent. No further 
pure product could be isolated from the mother liquors. 
B. Synthesis of a,w-Dichloroalkanes. 
1,6-Dichlorohexane 
1,8-Dichlorooctane 
1,9-Dichlorononane 
1 ,8-Dichlorooctane and 1, 9-dichlorononane l-Tere prepared from 
the corresponding a,w-glycols by procedures identical with that de-
scribed below for the preparation of 1,6-dichlorohexane. This pro-
3 
cedure is a modification of one used by Ahmad, Bumpus and Strong. 
Preparation of 1,6-Dichlorohexane 
A mixture of 65.0 g . (0.55 mole) of 1,6-hexanediol (Aldrich 
Chemical Co.; mp 41.5 - 43.0°C, after recrystallization from ethyl 
acetate) and 10 ml. of dry pyridine (Eastman Kodak, "White Label") 
was placed in a one-liter, three-necked flask equipped with a mercury-
sealed, mechanical stirrer, a pressure-equalizing dropping funnel, 
and a reflux condenser with a calcium chloride guard tube. The flask 
l-Tas cooled in a water-ice bath. Over a two-hour period, 262 g. (2.2 
moles) of thionyl chloride (Eastman Kodak, "White Label") was added 
dropwise with stirring. The cooling bath was then removed and the 
mixture was stirred about 12 hours at room temperature and then was 
refluxed three hours with stirring. After the reaction had cooled to 
room temperature, about 300 ml. of ice water was added cautiously to 
hydrolyze any excess thionyl chloride. The two layers were separated 
and the aqueous layer extracted with about 200 ml. of ether. The com-
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bined organic layers were washed with water, saturated sodium bicar-
bonate solution and again with water until neutral to litmus. The mix-
ture was dried over anhydrous magnesium sulfate for two hours. The dry-
ing agent was removed by filtration and the solvent was stripped off on 
a steam cone at full water pump vacuum. The crude product was frac-
tionated through a Vigreux column at reduced pressure. After discard-
ing a small prerun, one fraction was collected, boiling range 45 - 47°C 
(2.0 mm). A small black residue was discarded. The fraction collected 
consisted of 77.0 g.(0.49 mole) of colorless liquid having a refractive 
index ~25 1.4554; literature57 ~ 25 1.4561 for 1,6-dichlorohexane, and 
represented a yield of 91.0 percent of 1,6-dichlorohexane. 
Summaries of the various preparations of a-w-dichloroalkanes 
are contained in the following tables. 
TABLE III 
Synthesis of 1,6-Dichlorohexane 
Starting material: 1,6-Hexanediol (Aldrich Chemical Co.; m.p. 41.5°-43.0°C after recryst. from 
ethyl acetate) 
Run Number 1 2 
Amount of 65.0 g. 118 g. 
1,6-Hexanediol (0.55 mole) (1.00 mole) 
Amount of 262 g. 480 g. 
Thionyl Chloride (2.20 moles) (4.00 moles) 
Volume of Pyridine 10 ml. 20 ml. 
Weight of 1,6- 77.5 g. 151.2 g. 
Dichlorohexane (0.50 mole) (0.98 mole) 
Percent Yield 91.0% 97.5% 
Refractive Index (n~5 ) 1.4554 1.4550 
--
Boiling point (°C) 45.0-48.0 43.0-45.0 
Pressure (mm. of Hg) 2.0 mm. 0.5 mm. --..1 w 
TABLE IV 
Synthesis of 1,8-Dichlorooctane 
Starting Material: 1,8-0ctanediol (Preparation procedure in Section IV, A) 
Run Number 1 2 3 4 5 6 7 8 
Amount of 1,8- 40.0 g. 40.0 g. 32.0 g. 78.0 g. 105.0 g. 93.2 g. 108.3 g. 74.0 g. 
Octanediol (0.27 (0.27 (0.22 (0.53 (0.72 (0.64 (0.74 (0.51 
mole) mole) mole) mole) mole) mole) mole) mole) 
Amount of 145 g. 131 g. 105 g. 250 g. 345 g. 304 g. 316 g. 241 g. 
Thionyl (1.20 (1.10 (0.88 (2.10 (2.88 (2.55 (2.64 (2.02 
Chloride moles) moles) mole) moles) moles) moles) moles) moles) 
Volume of 
Pyridine (ml.) 25 20 15 20 20 20 50 30 
Weight of 1,8- 41.0 g. 43.5 g. 29.2 g. 86.0 g. 122.0 g . 100.1 g. 120.0 g. 74.0 g. 
Dichlorooctane (0.22 (0.24 (0.16 (0.47 (0.67 (0.55 (0.66 (0.40 
mole) mole) mole) mole) mole) mole) mole) mole) 
Percent Yield 82% 87% 72.5% 88.7% 92.6% 85.7% 88.4% 80.0% 
Refractive 
25 a 1.4560 1.4575 26.5 1.4575 1.4577 1.4563 1.4562 1.4561 Index (nD ) nD 
1.4556 
Boiling Point 
(oC) 63.0-65.0 51.0-54.0 
------
65.0-68.0 60.0-62.0 55.0-57.0 53.0-58.5 72.0-74.0 
Pressure 
(nun. of Hg) 0.30 nnn. 0.02 nun. 
------
0.25 nun. 0.20 nnn. 0.15 nnn. 0.15 nnn. 0.50 nun. 
'-1 
aLiterature: 57 25 nD 1.4572 
-1:-
TABLE V 
Synthesis of 1.9-Dichlorononane 
Starting Material: 1,9-Nonanediol (Matheson, Coleman and Bell; m.p. 44.0-44.5°C) 
Run Number 1 
Amount of 1,9-Nonanediol 
Amount of Thionyl Chloride 
Volume of Pyridine 
Weight 1,9-Dichlorononane 
Percent Yield 
Refractive Index (n~5 )a 
Boiling Point (°C) 
Pressure (mm. of Hg) 
a 57 Literature: 25 nD 1.4586 
148.0 g. (0.92 mole) 
418 g. (3.50 moles) 
25 ml. 
175.5 g. (0.89 mole) 
96.3% 
1.4572 
0 n .o- 81.0 c 
0.35 mm. 
....... 
VI 
C. Synthesis of a-Chloro-w-iodoalkanes. 
1-Chloro-6-iodohexane 
1-Chloro-8-iodooctane 
1-Chloro-9-iodononane 
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1-Chloro-8-iodooctane and 1-chloro-9-iodononane were prepared 
from the appropriate a,w-dichloroalkanes by procedures identical with 
the one described below for the preparation of 1-chloro-6-iodohexane. 
This procedure is identical with the one used by Gensler and Thomas. 47 
Preparation of 1-Chloro-6-iodohexane 
A solution of 91.5 g.(0.59 mole) of 1,6-dichlorohexane (~25 
1.4553; prepared as described above), 88.1 g.(0.59 mole) of sodium 
iodide (Mallinckrodt; reagent grade), 370 ml. of acetone and 18 ml. of 
water contained in a 1-liter, three-necked flask, equipped with a re-
flux condenser and magnetic stirrer, was refluxed for 18 hours with 
stirring. 
The precipitated sodium chloride was removed by filtration. The 
acetone solvent was removed on a steam cone at full water pump suction 
and approximately 200 ml. of dichloromethane was added to the residue. 
The organic layer was washed several times with water and was then 
dried over anhydrous magnesium sulfate. After removal of the drying 
agent by filtration and the solvent on a steam cone at full water pump 
suction, the crude product, violet in color, was filtered, with the 
aid of suction, through a column (2 x 20 em) of basic alumina (Merck; 
chromatograp9Y grade). A small amount (15-20 ml.) of petroleum ether 
0 (bp 30-60 C) was used to wash the last traces of crude material through 
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the column. The solvent was removed with a stream of nitrogen while 
warming the crude material on a steam bath. 
The pale yellow oil which weighed 136.0 g. was purified by 
fractional distillation at reduced pressure through a 23 em., vacuum-
jacketed, Vigreux column. The following fractions were collected: 
Boiling Pressure Bath Weight 25 
Fraction Point ~°C2 ~mm-2 0 {g.2 nD Temp.~ C2 
1 34-37 0.15 80-87 21.0 1.4550 
2 37-57 0.15 57-105 few dps. 
------
3 58-60 0.15 105-120 64.8 1.5190 
4 Residue 48.0 1 .5729 
Fraction 3, a colorless oil with a refractive index that compared 
reasonably with the refractive index of 1-chloro-6-iodohexane reported 
57 25 47 25 by Huber, ~ 1.5214, and Gensler and Thomas, ~ 1.5220 was 
considered to be pure product; yield - 44.6%, based on dichlorohexane. 
Fraction 1, a colorless oil, largely 1,6-dichlorohexane as in-
dicated by the refractive index n0
25 1.4550 (cf. refractive index of 
1,6-dichlorohexane, Table III; Sec IV,B) was used as starting material 
in a subsequent preparation of the chloroiodohexane. 
The residue was presumed to be 1,6-diiodohexane. 
The following tables summarize the various preparations of 
1-chloro-6-iodohexane, 1-chloro-8-iodooctane, and 1-chloro-9-iodononane. 
TABLE VI 
Synthesis of 1-Chloro-9-iodononane 
Starting Material : 1,9-Dichlorononane 
Run Number 1 
Amount of 1,9-Dichlorononane 173.5 g. 
(0.88 mole) 
Amount of 1-Chloro-9-iodononane 109.8 g. 
(0.38 mole) 
Percent Yield 43.7% 
Refractive Index (n~5 )a 1.5066 
Boiling Point (°C) 100-104 
Pressure (mm. of Hg) 0.30 mm. 
a . 25 57 25 3 L1terature: n0 1.5074 ; n0 1.5060 
b Anal. Calc . for c9H18Cll: C,37.50; H,6.28; 1,43.95 
Found: 37.7 6.3 43.8 
2 
65.2 g. 
(0.34 mole) 
41.9 g. b 
(0.15 mole) 
43.7% 
1.5066 
96-98 
0.25 mm. 
-..J 
00 
TABLE VII 
Synthesis of 1-Chloro-6-iodohexane 
Starting Material: 1,6-Dichlorohexane 
Run Number 1 
Amount of 1,6-Dichlorohexane 54.0 g. (0.35 mole) 
Amount of 1-Chloro-6-iodohexane 24.1 g. (0.097 mole) 
Percent Yield 
. 25 a Refract1ve Index (~ ) 
Boiling Point (°C)b 
Pressure (mm. of Hg.) 
aLi terature: 25 nD 1.521457. 
' 
23 
nD 
27.0% 
1.5214 
55.5-57.0 
0.25 nun. 
25 
nD 1.522047 
b1 . 47 1terature: boiling point 112-116° (12 mm) 
2 
151.0 g. (0.97 mole) 
115.6 g. (0.47 moLe) 
48.4% 
1.5162 
74.0-77 .o 
0.50 mm. 
3 
91.5 g. (0.59 mole) 
64.8 g. (0.26 mole) 
44.6% 
1.5190 
58.0-60.0 
0.15 mm. 
'-I 
\0 
TABLE VIII 
~nthesis of 1-Chloro-8-iodooctane 
Starting Material: 1,8-Dichlorooctane 
Run Number 1 2 3 4 
Amount of 1,8- 37.0 g. 57.6 g. 86.0 g. 121.0 g. 
Dichlorooctane (0.19 (0.32 (0.45 (0.66 
roole) mole) roole) mole) 
Amount of 1-Chloro- 19.8 g. 37.2 g. b 43.7 g. 77.0 g. 
8-iodooctane (0.07 (0.14 (0.16 (0.28 
mole) mole) mole) mole) 
Percent Yield 38.7% 48.9% 35.0% 42.6% 
Refractive 
Index (n~5)a 1.5060 23 1.5097 1.5098 nD 
1.5073 
Boiling Point (°C) 84-85 85-89 95-99 89-93 
Pressure (mm. of Hg) 0.25 mm. 0.25 mm. 0.35 mm. 0.30 mm. 
a . 1 25 L1terature: nD 1.5113 
b Anal. Calc. for c8H16Cll: 
Found: 
G,35.00; 
35.0 
H,5.88; 
5.8 
1,46.20 
46.4 
5 6 7 
100.0 g. 120.0 g. 74.0 g. 
(0.55 (0.66 (0.40 
mole) mole) mole) 
67.4 g. 72.4 g. 56.3 g. 
(0.24 (0.26 (0.20 
mole) mole) mole) 
44.8% 40.2% 50.7% 
1.5097 1.5099 1.5084 
79-81 79-84 79-83 
0.20 mm. 0.20 mm. 0.20 mm. 
00 
0 
D. Synthesis of w-Chloroalkynes. 
8-Chloro-1-octyne 
10-Chloro-1-decyne 
11-Chloro-1-undecyne 
10-Chloro-1-decyne and 11-chloro-1-undecyne were prepared from 
the appropriate chloroiodoalkanes by procedures identical with the one 
described below for the preparation of 8-chloro-1-octyne. This pro-
cedure is a modification of one reported by Raphae1. 94 
Preparation of 8-Chloro-1-octyne 
Into a three liter, three-necked flask, equipped with a mech-
anical stirrer and a Dewar condenser, and cooled in a Dry Ice-acetone 
bath, 1200 ml. of liquid ammonia was admisted. Ferric nitrate, 0.2 g., 
was added to the ammonia and the solution was stirred for 10 minutes. 
A 0.5 g. lump of sodium metal was added and the mixture stirred for 15 
minutes. The initial blue color of the dissolved sodium faded and a 
grey suspension formed. Then 14.7 g. (0. 64 gram atom) of sodium was 
added in 0.5 g. lumps with stirring over about a one hour period. The 
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mixture was stirred for about 30 minutes until no blue color was evident. 
The mixture contained a finely divided precipitate of sodamide. 
Acetylene gas, purified by bubbling through sulfuric acid in a 
500 ml. gas washing tower, was p~ssed into the liquid ammonia-sodamide 
suspension until the sodamide was completely converted to sodium acety-
lide. CGmpletion of reaction could be detected by disappearance of the 
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grey suspension and formation of a uniform black solution. The reaction 
was completed in 3-4 hours by passing in acetylene at about 2 liters per 
minute. (A rate of 4-5 bubbles per second of acetylene through the sul-
furic acid will approximate 2 liters per minute.) 
An effective way to determine the color of the liquid ammonia is 
to dip a glass stirring rod into the ammonia solution and withdraw it 
· d" 1 lll Ob . f h . . d . . d "11 ~mme ~ate y. servat~on o t e s~~rr~ng ro as ~t ~s remove w~ 
show the color of the liquid ammonia solution. N.B.: The blue color 
indicating the presence of dissolved sodium is fleeting. When the blue 
color has disappeared, the ammonia appears to have a grey precipitate of 
finely divided sodamide. After the sodamide has been completely con-
verted to sodium acetylide, the grey suspension is replaced by a black or 
dark grey uniform solution which contains the sodium acetylide, as in-
dicated by the "dipstick" test. 
The Dry-Ice bath was removed from the reaction flask and 63.9 g. 
(0.26 mole) of 1-chlor-6-iodohexane in 100 ml. of sodium-dry ether was 
added to the refluxing ammonia solution over a two hour period. At 
this stage care was taken to keep the Dewar condenser packed with Dry-
Ice. The reaction mixture was stirred for 6 hours at the temperature 
of refluxing ammonia. During this time, the reaction was kept under 
an atmosphere of acetylene gas. 
Approximately 50.0 g.(0.93 mole) of ammonium chloride was added 
cautiously to neutralize excess sodium amide. The reaction mixture was 
allowed to stand at room temperature until all the ammonia had evaporat-
ed, approximately 12-15 hours. 
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Approximately 200 ml. each of water and ether was added to 
the reaction flask. A small amount of dark gummy material was removed 
by suction filtration through Celite filter aid. The two layers were 
separated and the water layer washed three times with 100 mi.-portions 
of ether. The combined ether layers were washed several times with 
200 ml.-portions of water and dried over magnesium sulfate. After re-
moval of the drying agent and solvent, the yellow oil obtained was 
purified by fractionation at reduced pressure through a 5 em. vacuum-
jacketed, Vigreux column. After rejection of a small fore-run, one 
fraction, bp 53.4°C (15-16 mm) (bath temperature 90-95°C), was col-
lected. The yield was 29.3 g.(0.201 mole) of colorless oil having 
a refractive index~ 25 1.4507 (literature value; ~25 1.4548); 47 
yield: 80.0%. 
The following tables summarize the various preparations of 
8-Chloro-1-octyne, 10-Chloro-1-decyne, and 11-Chloro-1-undecyne. 
TABLE IX 
Synthesis of 8-Chloro-1-octyne 
Run Number 
Amount of 1-Ch1oro-6-
iodohexane 
Amount of 8-Chloro-1-octyne 
Percent Yield 
Refractive Index (n~5 )a 
Boiling Point (°C)b 
Pressure (mm. of Hg) 
a 47 25 
1 
24.0 g. 
(0.10 mole) 
c 10.0 g. 
(0.07 mole) 
74.0% 
27 1 4496 nD • 
40-42 
2.5 mm. 
Literature: nD 1.4548; 
bLiterature: 47 boiling point, 73-76° (11 mm) 
c Anal. Calc. for c8H13c1: c ,66.40; H,9.o6; 
Found: 66.3 9.1 
C1,24.50 
24.3 
2 
109.0 g. 
(0.44 mole ) 
-
48.2 g. 
(0.33 mole) 
75.8% 
1.4507 
40-42 
2.5 mm. 
3 
--
63.9 g. 
(0.26 mole) 
29.3 g. 
(0.20 mole) 
80.0% 
1.4507 
53-54 
15-16 mm. 
():) 
~ 
TABLE X 
Synthesis of 10-Chloro-1-decyne 
Run Number 1 2 3 4 
Amount of 1-Chloro-8-iodo- 109.0 g. 67.4 g. 71.0 g. 56.0 g. 
octane (0.40 mole) (0.24 mole) (0. 26 mole) (0.20 mole) 
Amount of 10-Chloro-1-decyne 59.8 g. a 33.5 g. 38.9 g. 31.0 g. 
(0.35 mole) (0.19 mole) (0.22 mole) (0.18 mole) 
Percent Yield 87.5% 78.3% 87.5% 88 . 2% 
25 Refractive Index (n0 ) 1.4529 1.4528 1.4528 1.4528 
--
Boiling Point (0 c) 56-60 56-59 54-56 57-58 
Pressure (mm. of Hg) 0.30 mm. 0.25 mm. 0.20 mm. 0.30 mm. 
a Anal. Calc . for c10H17cl: c , 69.60; H,9.93; Cl,20.55 
Found: 69.6 9.8 21 . 4 
00 
1..11 
TABLE XI 
Synthesis of 11-Chloro-1-undecyne 
Run Number 
Amount of 1-Chloro-9-iodonane 
Amount of 11-Chloro-1-undecyne 
Percent Yield 
25 Refractive Index (~ ) 
Boiling Point (°C) 
Pressure (mm. of Hg) 
1 
69.0 g . (0.24 mole) 
a 35.6 g. (0.19 mole) 
80.0% 
1.4538 
57-58 
(0.15-0.20 mm) 
a Anal. Calc. for c11H19cl: C,70.80; H,l0.25 
Found: 70.9 10.5 
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E. Synthesis of 1-Hydroxy-2-alkynes. 
2-Nonyn-1-ol 
2-Heptyn-1-ol 
2-Hexyn-1-ol 
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2-Heptyn-1-ol and 2-hexyn-1-ol were prepared by procedures 
identical with the one described below for the preparation of 2-nonyn-
1-ol. This procedure is the same as that used by Gensler and 
Mahadevan44 for the preparation of propargylic alcohols. 
Preparation of 2-Nonyn-1-ol 
Ethyl Grignard reagent was prepared under a nitrogen atmos-
phere by allowing 61.0 g.(O.SS mole) of ethyl bromide (Eastman Kodak, 
"White Label") in 200 ml. of sodium-dry ether to react with 14.0 g. 
(0.55 gram atom) of magne~ium (Dow Chemical; sublimed) covered with 
200 ml. of sodium-dry ether. The reaction was carried out in a two liter, 
three-necked flask, fitted with a reflux condenser, magnetic stirrer and 
pressure equalizing dropping funnel. A solution of 61.0 g.(O.SS mole) 
of octyne-1 (Farchan Research Labs.; used as received) and 100 ml. of 
sodium-dry ether was added dropwise over 75 minutes. Gentle refluxing 
took place during addition. The mixture was refluxed for one hour after 
completion of addition. 
The reflux condenser was replaced by a 15 mm. diameter gas de-
livery tube which extended just to the surface of the reaction solution. 
A 50 ml. round-bottomed flask containing 20 g.(0.66 mole) of parafor-
maldehyde (Eastman Kodak, "White Label"; used as received) was fitted 
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to the other end of the gas delivery tube. Gaseous formaldehyde was 
passed into the solution of Grignard reagent by heating the parafor-
0 
maldehyde to 180 C by means of a heating mantle. 
The reaction mixture was poured on to 500 g. of crushed ice and 
50 ml. of concentrated sulfuric acid. The ether and water layers were 
separated and the water layer was washed once with ether. The ether 
layers were combined and washed with water, saturated sodium bicar-
bonate solution and several more portions of water and the ether solution 
dried over anhydrous magnesium sulfate. After removal of the drying 
agent by filtration and the ether on a steam cone, the crude product was 
purified by fractional distillation at reduced pressure, through a 10 em. 
Vigreux column. A small prerun was rejected and product was collected 
over a boiling range of 77-78 C (4.0 mm) l~terature b.p. 114-116 C 0 [ . 75 0 
(17 mm) ]· The total yield was 43.0 g.(0.307 mole) of colorless oil 
having a refractive index ~25 1.4542. 
Calc. for c9H16o: C, 77.10; H, 11.50. 
Found: 77.1; 11.5. 
Infrared wavelength maxima (thin film): 3.00, 4.48 microns; total yield 
was 60.0%. 
The following tables summarize the various preparations of 2-Nonyn-
1-ol, 2-Heptyn-1-ol, and 2-Hexyn-1-ol. The mole ratios of ethyl bromide, 
magnesium, paraformaldehyde and sulfuric acid to the starting acetylenic 
compound are the same as above. The volume of ether and weight of ice 
are likewise in the same proportion as above. 
TABLE XII 
Synthesis of 2-Nonyn-1-o1 
Starting Material: Octyne-1 (Farchan Research Labs: n~5 1.4128, used as received) 
Run Number 
Amount of Octyne-1 
d Amount of 2-Nonyn-1-ol 
Percent Yield 
Refractive Index (n~5 ) 
Boiling Point (°C)c 
Pressure (rmn. of Hg) 
a Anal. Calc. for CqH16o: 
Found: 
1 
61.0 g. 
(0.55 mole) 
43.0 g. a 
(0.31 mole) 
c,77"..10; 
77.1 
60.0% 
1.4542 
77-78 
4.0 rmn. 
H,l1.50 
11.5 
2 
36.4 g. 
(0.33 mole) 
32.5 g. 
(0.23 mole) 
70.1% 
27 
nD 1.4531 
73-75 
3.5 rmn. 
bLarge amount of unreacted starting material recovered. 
c . 75 0 L1terature: b.p., 114-116 C (17 rmn). 
dinfrared wavelength maxima {thin film): 3.00, 4.48 microns. 
3 4 
100.0 g. 92.1 g. 
(0.91 mole) (0.84 mole) 
91.2 g. 52.0 g. 
(0.65 mole) (0.37 mole) 
71.6% 44.3%b 
1.4541 1.4544 
62-63 95-96 
2.0 rmn. 7.8 rmn. 
(X) 
\0 
TABLE XIII 
Synthesis of 2-Heptyn- 1- ol 
Starting Material: Hexyne- 1 (Farchan Research Labs; used as received) 
Run Number 1 2 3 
Amount of Hexyne-1 33 . 0 g. 41.0 g. 45 . 0 g. 
(0 . 40 mole) (0 . 50 mole) (0 . 55 mole) 
Amount of 2-Heptyn- 1- ol a 13 . 4 g . 18 . 8 g . 51 . 1 g . 
(0 . 12 mole) (0 . 17 mole) (0 . 46 mole) 
Percent Yield 30 . 0%c 34. 0%c 83 . 0% 
Refractive Index (n~5 )b 23 n0 1.4520 1.4518 1.4518 
Boiling Point (°C) 74-76 52-53 52-53 
Pressure (mm. of Hg . ) 8.0 mm. 5 . 0 mm. 5.0 mm. 
~nfrared wavelength maxima (thin film) 3 . 00, 4.48 microns. 
b . 83 25 0 L~terature: n0 1. 4523; b , p. 113-116 C (56 mm.) 
cLarge amount of starting material recovered . 
4 
100 . 0 g . 
(1 . 22 moles) 
112 . 4 g . 
(1 . 00 mole) 
82 . 3% 
1.4520 
80-81 
9 . 0 nun. 
"" 0 
TABLE XIV 
Synthesis of 2-Hexyn-1-ol 
Starting Material: Pentyne-1 (Farchan Research Labs; redistilled, 
b.p. 36-38°C.) 
Run Number 1 
Amount of Pentyne-1 136.0 g . (1.25 moles) 
Amount of 2-Hexyn-1-ola,b 94.9 ~· (0.97 mole) 
Percent Yield 76.5% 
Refractive Index (n~6 ) 1.4507 
73-74 
Pressure (mm. of Hg) 15-16 nun 
a Anal. Calc. for c6H10o: C,73.40; H,l0.27 
Found: 73.2 10.3 
binfrared wavelength maxima (thin film): 3.00, 4.48 microns. 
c1iterature: 83 b.p. 87-89°C (58 mm.). 
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F. Synthesis of 1-Bromo-2-alkynes. 
1-Bromo-2-nonyne 
1-Bromo-2-heptyne 
1-Bromo-2-hexyne 
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1-Bromo-2-nonyne, 1-Bromo-2-heptyne and 1-Bromo-2-hexyne were 
prepared from the appropriate 1-hydroxy-2-alkynes (for preparation see 
Sec.IV,E) by a procedure similar to that used by Newman and Wotiz83 for 
the preparation of 1-Bromo-2-heptyne. The procedure for the preparation 
of each of the compounds is identical with the one given below for 1-
Bromo-2-nonyne. 
Preparation of 1-Bromo-2-nonyne 
A solution of 37.2 g.(0.27 mole) of 2-nonyn-1-ol and 150 ml. of 
sodium-dry ether containing 2 ml. of pyridine (Eastman Kodak, "White 
Label"; dried over "Drierite") was placed in a three-necked,500 ml. 
flask equipped with a reflux condenser, pressure-equalizing dropping 
funnel and a magnetic stirrer. A solution of 35.0 g.(O.l3 mole) of 
phosphorous tribromide (Eastman Kodak, "White Label") and 50 ml. of 
sodium-dry ether was added dropwise during a two hour period, with 
stirring, at a rate sufficient to maintain gentle reflux. The material 
was refluxed an additional two hours. The reaction was carried out 
under a small pressure of nitrogen. 
The reaction mixture was poured on to 500 g. of ice and the 
ether-water layers were separated. The aqueous layer was extracted 
with 100 ml. of ether and the combined ether fractions were washed 
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several times with 200 ml.-portions of water. 
After drying several hours over anhydrous magnesium sulfate, 
the drying agent was removed by filtration and the solvent was re-
moved on a steam cone at atmospheric pressure. The crude product was 
purified by fractionation at reduced pressure through a 10 em. Vigreux 
column. A small prerun was discarded. Colorless oil distilling at 
0 25 67-68 C (2.5 rom.), weight 45.0 g.(0.221 mole),~ 1.4831, was col-
lected as product, and represented a yield of 82.0%. A sample of this 
material, distilled into an ampoule and sealed under vacuum, was 
analyzed for C, H and Br. 
Calc. for c9H15Br: C, 53.20; H, 7.45; Br, 39.38. 
Found: 52.9; 7.3; 39.7. 
Infrared wavelength maximum (thin film): 4.48 microns. 
The following tables summarize the various preparations of 
1-Bromo-2-nonyne, 1-Bromo-2-heptyne, and 1-Bromo-2-hexyne. All reagents 
and solvents are used in the same proportion to the starting material as 
in the experiment above. 
TABLE XV 
Synthesis of 1-Bromo-2-nonyne 
Run Number 1 2 3 4 
Amount of 2-Nonyn-1-ol 37.2 g. 32.0 g. 91.0 g. 51.8 g. 
(0.27 mole) (0.27 mole) (0.65 mole) (0.37 mole) 
Amount of 1-Bromo-2-nonyne 45.0 g . a 40.9 g. 84.6 g. 61.1 g. 
(0.22 mole) (0.20 mole) (0.42 mole) (0.30 mole) 
Percent Yield 82.0% 88.0% 64.0% 81.4% 
Refractive Index (n;5)b 1.4831 1.4831 1.4821 1.4833 
-
Boiling Point (°C)b 67-68°C 67-68°C 57-59°C 69-70°C 
Pressure (mm. of Hg) 2.5 mm. 2.5 mm. 2.0 mm. 2.5 mm. 
a Anal . Calc . for c9H15Br: c ,53.20; H,7.45; Br ,39.38 
Found: 52.9 7.3 39.7 
bu 68 17 1.4901; boiling point, 112-114° (9 mm) terature: nD \0 
~ 
TABLE XVI 
Synthesis of 1-Bromo-2-heptyne 
Run Number 
Amount of 2-Heptyn-1-ol 
Amount of 1-Bromo-2-heptyne 
Percent Yield 
25 a b Refractive Index (~ ) ' 
--
Boiling Point (°C)a 
Pressure (mm. of Hg) 
a 83 Literature: 25 nD 1.4570; 
1 
13.4 g. 
(0.12 mole) 
12.7 g. 
(0.07 mole) 
60.5% 
1.4880 
60-62 
12 mm. 
0 b.p., 104-5 C (56 mm). 
b 25 73 
nD 1.4882, reported by A. P. Mahadevan. 
2 
67.2 g. 
(0.60 mole) 
70.0 g. 
(0.40 mole) 
66.7% 
1.4878 
32-37 
2.5 mm. 
3 
112.0 g. 
(1.00 mole) 
142.7 g. 
(0.82 mole) 
81.5% 
1.4878 
43-44 
4.0 mm. 
\0 
Vl 
TABLE XVII 
Synthesis of 1-Bromo-2-hexyne 
Amount of 2-Hexyn-1-ol 
Amount of 1-Bromo-2-hexyne 
Percent Yield 
25 a Refractive Index (~ ) 
Pressure (mm. of Hg) 
89.0 g. (0.90 mole) 
142.1 g. (0.88 mole) 
97.8% 
1.4903 
76-78 
35 mm. 
a 83 25 o Literature: n0 1.4884; b.p. 97-8 C (80 mm) 
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G. Synthesis of 1-Chloroheptadecadiynes . 
1-Chloroheptadeca-7,10- diyne 
1-Chloroheptadeca- 9,12-diyne 
1-Chloroheptadeca-10 ,13-diyne 
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The chloroheptadecadiynes were synthesized from the appropriate 
1-bromo-2-alkynes and w-chloro-1-alkynes by a procedure similar to that 
44 47 95 113 . 
used by Gensler ' and by Raphael and Howton. Each of the ~so-
mers was prepared by a procedure identical with the one given below for 
1-chloroheptadeca-7,10-diyne . 
Preparation of 1-Chloroheptadeca-7,10-diyne. 
The reaction was carried out in a one liter, three-necked flask 
equipped with a pressure-equalizing dropping funnel, a magnetic stirrer 
and a reflux condenser connected at the top to a line supplying dry 
nitrogen under a small pressure . The solvent, tetrahydrofuran (Eastman 
Kodak, "White Label") , had been treated with potassium hydroxide and 
distilled from lithium aluminum hydride as directed by Fieser. 39 The 
magnesium shavings (Dow Chemical Co . ; sublimed) 5.07 g . (0.211 mole), 
placed in the flask, and the equipment were dried by flaming under a 
fast stream of nitrogen with a soft Bunsen flame. 
A solution of 23 . 0 g . (0.211 moles) of ethyl bromide (Eastman 
Kodak, "White Label"; dried over Drierite) and 50 ml. of tetrahydro-
furan (THF) was added, dropwise with stirring, over a 20 minute period 
to the magnesium in 150 ml . of tetrahydrofuran. 
In order to initiate the reaction, it was necessary to bring 
41 the solvent to reflux temperature . Once initiated the reaction 
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proceeded with spontaneous refluxing. After completion of addition, the 
mixture was refluxed for one hour. 
A solution of 29.25 g.(0.201 mole) of 8-chloro-1-octyne and 50 
ml. of tetrahydrofuran was added over a 30 minute period with no exter-
nal heating. The reaction refluxed spontaneously and evolution of gas 
through a mercury safety valve was noted. The mixture was refluxed 
for one hour after completion of addition. (As a matter of convenience, 
the reaction was allowed to sit overnight under an atmosphere of dry 
nitrogen.) 
Dry cuprous chloride, 0.7 g., was added and the reaction mix-
ture was refluxed for one hour and then allowed to cool to room tern-
perature. 1-Bromo-2-nonyne, 40.8 g.(0.201 mole) and 50 ml. of tetra-
hydrofuran were added over 5-10 minutes with stirring. The reaction 
mixture refluxed gently. The liquid level in the flask was marked. 
The initial Grignard concentration of a 1.0 ml. aliquot determined 
by acid-base titration in a manner similar to that described by 
Gilman48 was found to be 0.33 meq. per ml. 
After refluxing for one hour, the concentration of Grignard re-
agent of a 1.0 ml. aliquot (after dilution of the reaction mixture to 
the original level with dry tetrahydrofuran) was 0.04 meq. per ml. At 
this point the reaction mixture contained a heavy, bright green pre-
cipitate. The reaction mixture was refluxed for an additional hour, at 
which time the concentration of Grignard reagent of a 1.0 ml. aliquot 
was found to be 0.02 meq. per ml. 
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The mixture was poured on to 500 g. of crushed ice mixed with 
50 ml. of concentrated sulfuric acid. The two layers were separated 
and the water layer was extracted several times with 100 ml.-portions 
of ether. The combined ether fractions were washed several times with 
equal volumes of water, until neutral to litmus, and then dried over 
anhydrous magnesium sulfate. The oil remaining after removal of the 
solvent on a steam bath at full water pump suction, was purified by 
careful fractional distillation, under high vacuum, through a 5 em., 
· k d v· 1 · d · h f · 37 vacuum-JaC ete ~greux co umn equ~ppe w~t a ract~on cutter. 
The initial fraction which distilled continuously from 30-103°C (5.0 
X 10 - 3 to 5 x 10-4 nun . ) · t d was reJeC e • The material distilling at 103-
0 -4 0 107 C (5.0 x 10 nun . ), oil bath temperature 170-180 C, was collected 
in several ampoules and sealed under vacuum. The colorless oil, which 
weighed 37.53 g., ~5 1.4784, represented a yield of 69.8% based on 
8-chlorooct-1-yne. In order to obtain a satisfactory analysis, it was 
necessary to submit two sealed ampoules, one for C, H and one for Cl 
analysis. 
Calc. for c17H27cl: C, 76.51; H, 10.20; Cl, 13.29. 
Found: 76.6; 10.2; 13.5. 
Infrared wavelength maxima (0.04 mm. film): 4.35, 4.42, 4.48, 7.61, 
15.35 microns. The infrared spectrum of 1-chloroheptadeca-7,10-diyne 
(Figure 1) shows a small absorption at 3.04 microns due to trace amounts 
f . 1 1 . 135 h" h . . h o term~na acety ene contam~nant, w ~c ~s not present ~n t e spectra 
of 1-chloroheptadeca-9,12-diyne (Figure 2) and 1-chloroheptadeca-10,13-
diyne (Figure 3). If the chloroheptadecadiynes, after fractional 
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distillation, showed significant terminal acetylenic contamination, as 
d . d b b . . h . f d . 3 0 . llS eterm~ne y a sorpt~on ~n t e ~n rare reg~on near • m~crons, 
this contaminant was easily removed by adding the compound to a saturated 
methanolic solution of silver nitrate (50 ml. of solution per 10 g. of 
diyne). The precipitated silver acetylide was removed by filtration 
under suction through Celite . The filtrate was dried over anhydrous 
magnesium sulfate and the solvent removed on a steam cone at full water 
pump vacuum. The yellow oil usually obtained was decolorized by fil-
tration through a column of acid washed alumina using a small amount 
0 
of petroleum ether (b.p. 30-60 C) to wash last traces of the diyne 
from the column. The solvent was removed with a stream of nitrogen 
0 
while warming on a wate~bath at 50-60 C. 
The following tables summarize the various preparations of 
1-chloroheptadeca-7,10-diyne, 1-chloroheptadeca-9,12-diyne and 
1-chloroheptadeca-10,13-diyne. The quantities of all reagents and 
solvents relative to reactants were in the same ratio as in the above 
experiment. Time required for addition of reactants was roughly pro-
portional to the quantities added relative to the model experiment. 
The preparations in ether solvent were identical with the experiment 
~QVe except for the times required for the coupling reactions (cf. 
Tables XVIII, XIX, XX), and except for the reaction of ethyl bromide 
and magnesium which was initiated at room temperature. 
TABLE XVIII 
Synthesis of 1-Chloroheptadeca-7,10-diyne 
by the Cuprous Chloride Catalyzed Coupling of 1-Bromo-2-nonyne and 8-Chloro-1-octyne 
Run Number 
Amounts of Reactants 
10-Chloro-1-octyne (g.) 
1-Bromo-2-nonyne (g.) 
Solvent 
Reaction time after addition 
of 1-Bromo-2-nonyne 
Amount of l-Chloroh5ptadeca-
7,10-diyne obtained 
Percent Yield (Based on 
8-Chloro-1-octyne) 
Boiling Point (°C) 
Pressure (nun. of Hg.) 
Refractive Index (~5 ) 
Product Color 
1 
10.0 g. 
~0.07 mole~ 
14.5 g. 
(0.07 mole) 
ether 
48 hrs. 
12.5 g. 
(0.05 mole) 
66.9% 
140-145 
2.5 X 10 -3 
~9 1.4763 
pale yellow 
2 . 
48.0 g. 
~0.33 mole~ 
67.0 g. 
(0.33 mole) 
ether 
48 hrs. 
60.8 g. a 
(0.23 mole) 
70.0% 
146-156 
2.5 X 10 -3 
1.4780 
pale yellow 
a Anal. Calc. for c17H27cl: C,76.51; H,l0.20; Cl,l3.29 
3 4 
45.0 g. 29.2 g. 
~0.31 mole2 ~0.20 mole2 
63.3 g. 40.8 g. 
(0.31 mole) (0.20 mole) 
ether THF 
96 hrs. 3 hrs. 
39.2 g. 37.5 g. 
(0.15 mole) (0.14 mole) 
47.3% 69.8% 
ll0-115 103-107 
5.0 X 10 -3 5.0 X 10 -4 
1.4780 1.4784 
pale yellow colorless 
b Found: 76.6 10.2 13.5 
Infrared wavelength maxima (0.04 nun film): 4.35, 4.42, 4.48, 7.61, 15.35 microns. (Figure 1) 
t-' 
0 
t-' 
TABLE XIX 
Synthesis of 1-Chloroheptadeca-9,12-diyne 
by the Cuprous Chloride Catalyzed Coupling of 1-Bromo-2-heptyne and 10-Chloro-1-decyne 
Run Number 
Amounts of Reactants 
10-Chloro-1-decyne 
1-Bromo-2-heptyne 
Solvent 
Reaction time after addition 
of 1-Bromo-2-heptyne 
Amount of 1-Chloro~ptadeca-
9,12-dtyne obtained 
Percent Yield (Based on 
10-Chloro-1-decyne) 
Boiling Point (°C) 
Pressure (mm. of Hg) 
Refractive Index n~5 
Product Color 
aAnal. Calc. for c17H27cl: 
b Found: 
Infrared wavelength maxima 
1 2 3 4 
57.0 g. 33.5 g. 38.9 g. 31.0 g. 
(0.32_mole) .~_(0~_1._9 mol~) (0.22 mole) (0.18 mole) 
58.0 g. 35.0 g. 40.2 g. 31.5 g. 
ffi~J~ __ mole) ___ _ (Q.2J> -~le)_ __(0. 23 _npl_e) (0 .18 mole) 
ether ether ether THF 
96 hrs. 48 hrs. 96 hrs. 3.5 hrs. 
71.6 g. a 37.2 g. 31.6 g. 32.8 g. 
(0.27 mole) (0.14 mole) (O .12 mole) (0.12 mole) 
81.3% 72.4% 52.6% 68.3% 
144-149 125-137 126-131 106-109 
2.5 X 10 -3 5.0 X 10 -3 5.0 X 10 -3 1.0 X 10 -3 
1.4780 1.4779 1.4781 1.4779 
pale yellow pale yellow colorless colorless 
C,76.51; H,l0.20; Cl,l3.29 
76.6 10.3 13.1 
(0.04 mm film): 4.35, 4.42, 4.48, 7.61, 15.35 microns. (Figure 2) 
..... 
0 
N 
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TABLE XX 
Synthesis of l-Ch1oroheptadeca-10.13-diyne 
by the Cuprous Chloride Catalyzed Coupling of 1-Bromo-2-hexyne and 
11-Ch1oro-l-undecyne 
Amounts of Reactants 
11-Chloro-1-undecyne 
1-Bromo-2-hexyne 
Solvent 
Reaction time after addition 
of 1-Bromo-2-hexyne 
Amount of 1-Chloroheptadeca-
10,13-diyne obtained 
Percent Yield (Based on 
11-Chloro-1-undecyne) 
Boiling Point (°C) 
Pressure (mm. of Hg) 
Refractive Index (~5 ) 
Product Color 
Anal. Calc. for c17H27c1: C,76.51; 
Found: 76.7 
Infrared wavelength maxima (0.04 mm. 
15.35 microns. (Figure 3) 
35.5 g. (0.19 mole) 
30.7 g. (0.19 mole) 
THF 
4 hours 
31.2 g. (0.12 mole) 
61.6% 
106-111 
-4 5.0 X 10 
1.4780 
Colorless 
H,l0.20; Cl,l3.29 
10.3 13.2 
film): 4.35, 4.42, 4.48, 7.61, 
H. Synthesis of 1-Chloroheptadecadienes. 
1-Chloroheptadeca-7,10-diene 
1-Chloroheptadeca-9,12-diene 
1-Chloroheptadeca-10,13 -d~ene 
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The compounds listed above were prepared by stereospecific re-
duction of the corresponding diynes with diisobutylaluminum hydride. 
Each of the isomers was synthesized by the same procedure, a modifica-
tion of that of Wilke and MUller . 117 
P · f n·· b 1 1 · H d ·d 120 , 143 reparat~on o ~~so uty a um~num y r~ e 
In the handling of trialkylaluminum or dialkylaluminum hydride, 
it is necessary to observe the precautions recommended by the manu-
51 • II 117 facturer and by W~lke and MUller. 
A sample of 160 ml. of a 25% solution of triisobutylaluminum 
(Hercules Powder Company; supplied in 1 qt . "pop" bottles, 25% solution 
inn-heptane) was transferred, with the aid of a 20 ml. hypodermic 
syringe, into a 200 ml. two-necked, conical flask under an atmosphere 
of dry, oxygen-free nitrogen . The cap of the "pop" bottle is equipped 
with a rubber diaphragm through which the hypodermic needle was inserted . 
The syringe was fitted with a device which prevented the piston from 
being accidentally withdrawn from the barrel when filled with solution 
(Diagram No.1) . The transfer was made as follows: 89 'the syringe was 
washed with £-heptane and flushed with nitrogen several times. Then 
the syringe was filled completely with nitrogen, the needle was inserted 
into the "pop" bottle cap, and the piston depressed forcing the nitrogen 
105 
.l1iag,r~ No. 1 
HYPODERMIC S~NGE HOLDER 
Device used to prevent accidental removal 
of syringe plunger from barrel during trans-
fer of tri isobutyl aluminum. 
(c. (c. (c.) (c.) 
Fully withdrawn plung-
er(not shown in sketch) 
rest• against "Micarta" 
stop. 
A. 1/ 4" ".M.i carta" Sheet. 
B. 20 ml. Hypodermic 
Syringe. 
c. l / B" Brass Drill Rod 
(Threaded). 
Syringe Barrel Flange 
Rests Against Board. 
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into the bottle. While holding the syringe in the completely depressed 
position, the "pop" bottle was inverted. The syringe was slowly filled 
with solution until the piston rested against the guard bar which pre-
vented its removal. The "pop" bottle was returned to the upright posi-
tion and the needle was wiped with a rag soaked in ~-heptane as it was 
withdrawn. The hypodermic needle was inserted into the flask through 
a rubber serum stopper and the solution admitted to the flask. 
This procedure was repeated as many times as necessary to admit 
the required amount of triisobutylaluminum. After addition of the ne-
cessary amount of trialkylaluminum, the syringe was flushed several 
times with ~-heptane in order to prevent sticking. 
The rubber serum stopper on the conical flask containing the sol-
ution of triisobutylaluminum was quickly replaced by a reflux condenser 
connected at the top to a vapor trap inserted in a dry ice-acetone cool-
ing solution. The vapor trap, in turn, was connected to a glass tube 
inserted through a one-hole stopper and fitted on to a side-arm test 
tube (Diagram No.2). The test bube was filled with n-heptane to a 
level several centimeters above the lower end of the glass tube. This 
acts as a safety valve and prevents the entry of air into the system. A 
boiling chip was admitted to the conical flask and the solution was re-
fluxed by means of an oil bath at 125-130°C, until no more isobutene was 
condensed in the vapor trap (2-3 hours). 
The solution was allowed to cool. The reflux condenser was re-
placed by a Claisen head with a condenser. A receiving flask was con-
nected to the Claisen head condenser through a suction adapter, which, 
Inlet for 
dry, oxyg 
free nitrog 
~ 
200 rnl. 
Conical 
Fla•k. 
Diagram No. 2 
APPARATUS USED IN PREPARATIOM OF DIISOBUTYL-
ALUMiliUM HYDRIDE FRON\ TRII SOBUTYLALUMHTUM 
Rubber Tubing ) 
Vapor Trap 
/ 
Dewar Flask 
Dry· Ice-
Acetone 
Mixture 
/ 
Side-arm Test l~be 
Used as Safety Valve, 
and Air-Moisture Seal. 
.n-Heptane 
....... 
0 
-....J 
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in turn, was connected to the vapor trap and safety valve previously 
described. All of the solvent was removed by distillation. The re-
ceiver was replaced by a pressure-equalizing dropping funnel with a 
small, round-bottomed flask fitted to the lower joint. The diisobutyl-
aluminum hydride was distilled under reduced pressure and collected in 
the dropping funnel. The yield was 27.0 ml. of colorless oil, b.p. 
80-90°C (0.05 mm.); which weighed approximately 21 g. (0.149 mole), 
(density of diisobutylaluminum hydride, 0.775 at 20°C). 51 
Reduction of l-Chloroheptadeca-7,10-diyne144 
The 1-chloroheptadeca-7,10-diyne, 13.76 g. (0.052 mole), was 
placed in a 300 ml. three-necked flask fitted with a mercury-sealed, 
mechanical stirrer, and a reflux condenser, connected at the top to a 
line supplying dry, oxygen-free nitrogen under a small pressure. If it 
was necessary to use solvent to transfer the chloroheptadecadiyne into 
the reaction flask, a little dry ~-heptane was used. 
The dropping funnel containing the diisobutylaluminum hydride 
was fitted to the remaining neck of the flask. The diyne was cooled in 
an ice bath and the reducing agent was added dropwise, with stirring, 
over a one hour period and the reaction was stirred overnight (12-15 hrs.) 
at room temperature. 
The reaction mixture was cooled to -5°C in an ice-salt bath. The 
reflux condenser was connected to the vapor trap and safety valve pre-
viously described. Sixty milliliters of a solution of 4 parts methanol 
0 to 6 parts petroleum ether (30-60 C b.p.) was added carefully over a 
one hour period. Sufficient ice-cold 20% sulfuric acid was very care-
fully added to the cooled reaction mixture to just dissolve the pre-
cipitated aluminum methoxide. The liquid collected in the trap (mainly 
isobutane, but may contain entrained, reduced chlorodiyne) plus 50 ml. 
of ether was added to the reaction mixture. The two layers were se-
parated and the aqueous layer was extracted once or twice with an equal 
volume of ether. The ether solution was washed with water, saturated 
bicarbonate solution and water, until neutral to litmus and then dried 
over anhydrous magnesium sulfate. The solvent was removed on a steam 
cone at full water pump suction. 
Yield: 13.77 g. of pale yellow oil. 
Infrared wavelength maxima (0.04 mm. film): 3.31, 6.04, and 
15.3 microns. 
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Qualitative hydrogenatio~by the procedure described by Wiberg,115 
of a sample of the oily product over Adams' catalyst resulted in absorption 
of about three moles of hydrogen. 
A second batch of diisobutylaluminum hydride was prepared from 
160 ml. of 25% triisobutylaluminum solution. The pale yellow oil ob-
tained from the first reduction was treated exactly as described above. 
Yield: 13.00 g. of very pale yellow oil. 
The product was dissolved in petroleum ether (b.p. 30-60°C) and 
chromatographed on 130 g. of silica gel (Davison Chemical Co.; 28-200 
mesh). 
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The following fractions were collected: 
Fraction Fraction Volume Solvent Weight Comment 
1 250 ml. petroleum ether 0.4 g. White, fatty solid 
2 250 ml. pet.ethor-ether 7.4 g. Pale, yellow oil 
4:1 
3 250 ml. ditto 4.0 g. Pale, yellow oil 
4 250 ml. ditto 0.4 g. Pale, yellow oil 
5 250 ml. ether o.o g. 
6 250 ml. methanol o.o g • . 
Infrared Spectra of Chromatographic Fractions 
Fractions Wavelength Maxima ~microns~ 
1 0.04 mm. film 3.31, 6.04, 7 .15 ' 10 • 34 ' 
no absorption: 15.3. 
2 0.04 mm. film 3.31, 6.04, 7.15, 10.34 (weak), 15.3. 
3 0.04 mm. film 3.31, 6.04, 7.15, 10.34 (weak), 15.3 
Identical with fraction 2. 
4 0.04 mm. film 3.30, 4.52, 5.90, 6.04, 10.34 (weak), 
15.3. 
The combined weight of fractions 2 and 3 was 11.4 g. (0.042 mole). 
Yield: 81.7% overall for two reductions. 
Chromatographic fractions 2 and 3 were further purified by care-
ful fractional distillation under high vacuum through a 5 em. vacuum-
jacketed Vigreux column. Fractions were taken using the fraction cutter 
d .b d . h 1. 37 escr~ e ~n t e ~terature. After discarding a small forefun, b.p. < 
85°C (1.0 x 10-4 mm.), the main fraction distilling between 87-91°C 
(1.0 x l0-4mm.) was collected as product and sealed under vacuum in 
several small ampoules. The yield was 9.09 g. (0.034 mole) of a very 
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25 pale yellow oil, ~ 1.4683. A tarry residue weighing 1.57 g. was re-
jected. 
Infrared wavelength maxima (0.04 mm. film): 3.31, 6.04, 7.15, 
10.34 (very weak), 15.3 microns, (Figure 4). 
Qualitative hydrogenation over Adams' catalyst, by the procedure 
used previously,115 of a sample of the material collected as product re-
sulted in absorption of about two moles of hydrogen. 
A summary of the preparations of 1-chloroheptadeca-9,12-diene 
and 1-chloroheptadeca-10,13-diene by the identical procedure is listed 
below •.. 
TABLE XXI 
1-Chloroheptadeca-9,12-diene 
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Summary of Results of Reduction of 1-Chloroheptadeca-9,12-diyne 
with Diisobutylaluminum Hydride 
Quantity of Diyne Reduced 
Amount of 25% Solution of 
Triisobutylaluminum Used. 
Volume and Weight of 
Diisobutylaluminum Hydride 
Molar Ratio: 
Reducing Agent: diyne (or enyne) 
17.56 g. (0.069 mole) 
205 ml. of 25% n-heptane 
solution used per reduction 
33.0 ml; 25.6 g. (0.180 mole) 
(per reduction) 
2.73 : 1.00 (per reduction) 
Summary of Results of Chromatography on Silica Gel 
Fraction Solvent Volume Weight Overall Percent Yield 
1 pet. ether 500 ml. 0.5 g. 
------
2 pet. ether:ether 1000 ml. 16.7 g. 93.6% 
4:1 
3 ether 500 ml. o.o g. 
------
Summary of Results of Fractional Distillation of Fraction 2 
25 
~ Pressure Weight nD Comment 
87-89°C* -4 1 x 10 rom 13.30 g. (0.057 mole) 1.4678 colorless oil 
* Discarded small prerun and tarry residue. 
Anal: Calc. for c17H13cl: C,75.37; H,ll.54; Cl,l3.09 
Infrared Wavelength 
Maxima ( 0. 04 rom 
film) 
Found: 75.8 11.6 12.7 
3.31, 6.04, 7.15, 10.34 (weak), 15.3 microns 
(Figure 5). 
TABLE XXII 
1-Chloroheptadeca-10,13-diene 
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Summary of Results of Reduction of 1-Chloroheptadeca-10,13-diyne 
with Diisobutylaluminum Hydride 
Quantity of Diyne Reduced 
Amount of 25% Solution of 
Triisobutylaluminum Used. 
18.77 g. (0.069 mole) 
245 ml. of 25% g-heptane 
solution per reduction 
Volume and Weight of 
Diisobutylaluminum Hydride 
40.0 ml; 31.0 g. (0.219 mole) 
(per reduction) 
Molar Ratio: 
Reducing Agent: diyne (or enyne) 3.16 1.00 (per reduction) 
Summary of Results of Chromatography on Silica Gel 
Fraction Solvent Volume Weight Over all Percent Yield 
1 pet. ether 500 ml. 0.6 g. ------
2 pet. ether:ether 1000 ml. 16.4 g. 86.5% 
4:1 
3 ether 500 ml. 0.22 g. 
------
Summary of Results of Fractional Distillation of Fraction 2 
25 
.!?.:.E.:. Pressure Weight ~ Comment 
75-77°C* 5 X 10-5nnn 13.09 g. (0.048 mole) 1.4678 colorless 
*Discarded small prerun and tarry residue. 
Anal: Calc. for c17H31cl: C,75.37; H,ll.54; 
Infrared Wavelength 
Maxima (0.04 mm 
film) 
Found: 75.3 11.5 
3.31; 6.04, 7.15, 10.34 (weak), 15.3 microns 
(Figure 6). 
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I. Synthesis of Octadecadienoic Acids. 
8,11-0ctadecadienoic Acid 
10,13-0ctadecadienoic Acid 
11,14-0ctadecadienoic Acid 
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10,13-0ctadecadienoic acid and 11,14-0ctadecadienoic acid were 
prepared via the Grignard reagents by procedures identical with the 
following procedure given for the synthesis of 8,11-0ctadecadienoic acid. 
The appropriate 1-chloroheptadecadienes were converted to Grignard re-
agents by employing the method of "entrainment". 62 
Preparation of 8,11-0ctadecadienoic Acid 
The equipment used in this reaction was dried several hours at 
110°C and cooled in a desiccator over anhydrous calcium sulfate. 
Magnesium turnings (Dow Chemical Co., sublimed), 2.28 g.(0.094 g. 
atom), were placed in a 250 ml., three-necked flask, equipped with a 
pressure-equalizing dropping funnel, a magnetic stirrer and a reflux 
condenser connected at the top to a line supplying dry, oxygen-free 
nitrogen under a small pressure. The magnesium was dried by gentle 
flaming under a fast stream of nitrogen. Approximately 80 ml. of 
ether was distilled into the flask from lithium aluminum hydride. 
The mixed halides, 5.00 g. (0.0184 mole) of 1-chloroheptadeca-7,10-
o -4 diene (b.p. 87-91 C at 1.0 x 10 mm.) and 6.05 g. (0.0555 mole) of 
ethyl bromide (Eastman Kodak, "White Label"; dried over "Drierite"), 
were placed in the dropping funnel. Ether, 45 ml. was distilled into 
the dropping funnel from lithium aluminum hydride. The mixed halide 
solution was added dropwise, with stirring, over a two hour period to 
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the magnesium. The reaction mixture was refluxed during addition of 
the halides and for 18 hours after addition was completed. 
The reaction mixture was cooled in a Dry Ice-acetone bath to 
~· -60°C, as indicated by a thermometer fitted in the center neck of 
the flask. The dropping funnel was replaced by a gas delivery tube 
which extended nearly to the bottom of the reaction flask. Gaseous 
carbon dioxide, dried by passing through concentrated sulfuric acid 
in a gas washing tower and then through an empty flask, was passed 
into the reaction mixture. The temperature rose to about -5°C and 
then fell rapidly back to -60°C, with solidification of the reaction 
mixture. The reaction was considered complete when the temperature 
decreased. The reaction mixture was acidified carefully with just suf-
ficient cold, 10% sulfuric acid to dissolve excess magnesium metal and 
magnesium salts. 
The ether and water layers were separated, and the water layer 
was extracted with several 50 ml. portions of ether. The combined ether 
layer was washed five or six times with 100 ml. portions of water, and 
dried over anhydrous magnesium sulfate. 
The drying agent was removed by filtration and the solvent re-
moved on a steam cone at full water pump suction. Propionic acid formed 
by carbonation of the ethyl Grignard reagent was removed by evacuating 
the mixture to ~· 0.5 mm. while warming on a water bath at 50-60°C. 
Yield: 5.07 g. of yellow oil. 
This oil was chromatographed on 100 g.(2.5 x 33 em.) of silica 
gel (Davison Chemical Co.; 28-200 mesh). The column was packed with dry 
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silica gel which was then charged with the crude oil diluted with an 
equal volume of petroleum ether. The following fractions were taken: 
Fraction Solvent Volume Weight Wavelength Maxima 
1 pet. ether 100 ml . o.oo 
2 pet. ether 100 ml . 0 . 25 g . 
3 pet. ether 100 ml . 0 .05 g. 3.32, 6.05, 10.34 (weak), 
10.95 microns 
(No peaks at 5.85,15.3 
microns) 
4 pet. ether: ether 300 ml. 3 . 77 g. 
4:1 
5 pet. ether:ether 200 ml. 0 . 46 g. 3.32, 3.75, 5 .85, 6.04 
4:1 (shoulder), 10.60 microns 
(No peak at 15.3 microns) 
6 pet. ether: ether 100 ml. o.oo g. 
4:1 
Fractions 4 and 5, 4.23 g . (0.0151 mole) represent a yield of 
81.6% of acidic material. This material was purified by fractional 
distillation, at high vacuum, through a 5 em. vacuum-jacketed, Vigreux 
column. Fractions were cut by means of a small scale distillation frac-
. d .b d . h 1· 37 A 11 h. h d. t~on cutter escr~ e Ln t e ~terature. sma prerun w ~c ~s-
tilled below 118°C (1.0 x l0-4mm.) was rejected. The nearly colorless 
oil which distilled at 118-120°C (1.0 x 10-4mm.) was collected in seven 
ampoules and sealed under vacuum. A quantity of gummy residue was re-
jected. 
The melting points of the fatty acids were determined as follows . 
An ampoule containing 100-200 mg. of sample was fastened to the bulb of 
a thermometer. The acid was first cooled to -20°C in an ice-salt mix-
ture, and then immersed in an ice-water bath. (The bath temperature was 
maintained at 10°C in determination of the melting point of 11,14-octadeca-
dienoic acid.) The melting point was noted as the temperature of the 
acid rose. 
Melting point: 0 0 
-12.5 to -9.5 c. 
Yield: 25 3.03 g.(O.Ol08 mole), 58.4%; ~ 1.4663. 
Infrared wavelength maxima (0.04 mm. film): 3.75, 5.85, 6.05 
(~boulder), 10.70 microns (Figure 7). 
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Ultraviolet wavelength maximum (methanol solution; cone. 1.40 x 
10-3M): 233 ~(log € 2.33), optical density 0.300 
(Figure 16). 
Percentage conjugated diene calculated from ultraviolet data 
according to the method described by Holman: 54 0.62% 
Anal. Calc. for c18H32o2: C, 77.09; H, 11.50. 
Found: 77.1 ; 11.5 • 
The following tables contain summaries of the preparations of 
10,13-0ctadecadienoic acid and 11,14-0ctadecadienoic acid. 
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TABLE XXIII 
Synthesis of 10,13-0ctadecadienoic Acid 
Amt. of 1-Chloroheptadeca-9,12-di~ne 10.0 g. (0.037 mole) 
b .p. 87-89°C (1.0 x 10- mm.) 
Amt. of Ethyl Bromide Entraining Agent 12.1 g. (0.111 mole) 
Volume of Ether 250 ml. 
Amt. of Magnesium 4.6 g. (0 .188 mole) 
Amt. of Crude Product after Carbonation 10.0 g. 
Results of Chromatography on 200 g . of silica gel (Davison Chemical Co . ; 
28- 200 mesh). Column diameter 4 em. 
Fraction Solvent 
1 pet . ether 
2 
3 
pet. ether:ether 
4:1 
ether 
Volume 
800 ml . 
1100 ml. 
300 ml. 
Yield: 8.26 g. (0.029 mole); 79.7% 
Infrared Wavelength 
Weight Maxima 
1.40 g. 3.32, 5.85 (weak), 6.05, 
10.34 (weak), (no 15.3) 
microns. 
8.26 g. 3.32, 3.75, 5 . 85, 6.04 
(shoulder) 10.70, 
(no 15.3) microns. 
0 . 20 g. 
Results of purification of Fraction 2 by fractional distillation: 
1. Small prerun and dark residue rejected. 
2. 0 -4 Product collected at 121-128 C (1 .0 x 10 mm.) (sealed under vacuum 
in 11 ampoules) 
Yield: 25 5 . 32 g. (0 .019 mole), colorless oil, 51.4%; ~ 1.4670 
0 0 Melting Poing: - 9.0 to -6.5 c. 
Infrared wavelength maxima (0.04 mm. film): 3.75, 5.85, 6.05 (shoulder), 
10 . 70 microns (Figure 8). 
Ultraviolet wavelength maximum (methanolic solution, cone. 1.92 x 10-3~: 
233 millimicrons (loge 2.48), optical density 0.576 (Figure 17). 
Percent conjugated diene calculated from ultraviolet data: 54 0.87% 
Anal. Calc. for c18H32o2: C, 77.09; H, 11.50. 
Found: 77.2; 11.5. 
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TABLE XXIV 
Synthesis of 11,14-0ctadecadienoic Acid 
Amt. of 1-Chloroheptadeca-10,13-diene 10.54 g. (0 .039 mole) 
b .p • 75-77°C (5 X lQ-5 mm.) 
Amt. of Ethyl Bromide Entraining Agent 12.75 g. (0 .117 mo:i!e) 
Volume of Ether 250 ml. 
Amt. of Magnesium 4.80 g. (0.198 mole) 
Amt. of Crude Product after Carbonation 10.81 g. 
Results of Chromatography on 200 g. of silica gel (Davison Chemical Co.; 
28 - 200 mesh) • 
Fraction Solvent Volume 
1 pet. ether 800 ml. 
2 pet.ether:ether 1200 ml. 
3 ether 500 ml. 
Yield: 9.19 g. (0.033 mole); 84.2% 
Weight 
0.68 g. 
9.19 g. 
0.82 g. 
Infrared Wavelength 
Maxima 
3.32, 3.75, 5.85, 6.05, 
10.34 (weak), 10.95, 
(no 15.3) microns. 
3.75, 5.85, 6.05 (shoulder), 
10.70, 10.95 (shoulder), 
microns. 
Results of purification of Fraction 2 by fractional distillation: 
1. 
2. 
Yield: 
Small prerun and residue rejected. 
Product collected at 112-115°C (1.0 
vacuum in 12 ampoules). 
-4 
x 10 mm.) (sealed under 
25 6.51 g. (0.023 mole) colorless oil, 59.7%; ~ 1.4664 
Melting Point: 0 0 6.0 to 8.0 c. 
Infrared wavelength maxima (0.04 mm. film): 3.75, 5.85, 6.05 (shoulder), 
10.70 microns (Figure 8). 
Ultraviolet wavelength maximum (methanolic solution, cone. 1.99 x 10-~): 
233 ~ (logE 2.40), optical density 0.503 (Figure 18). 
Percent conjugated diene calculated from ultraviolet data: 54 0.73% 
Anal. Calc. for c18H32o2: C, 77.09; H, 11.50. 
Found: 77.3 ; 11.5 • 
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J. Characterization of Octadecadienoic Acids. 
1. Neutralization Equivalent. 
The neutralization equivalent (N.E.) of the isomers of linoleic 
acid were determined by procedures identical with that given below for 
8,11-octadecadienoic acid. The base used in the titrations was stand-
ardized against potassium-acid phthalate in 95% alcohol:water; 4:1. 90 
In a 250 ml. Iodine Flask, 50 ml. of 95% ethanol was heated 
just to the boiling point and phenolphthalein indicator, 2-3 drops 
was introduced. An ampoule of 8,11-octadecadienoic acid, sealed under 
vacuum, was well scored with a file, weighed (3.4914 g.), opened under 
nitrogen and dropped into the hot alcohol. (N.B. The ampoule must be 
carefully scored so that it can be broken into just two pieces.) The 
two parts of the ampoule were removed using clean tongs, and were 
rinsed with a small amount of hot 95% alcohol. The solution was ti-
trated with standard sodium hydroxide solution (0.0523N) under a blan-
ket of nitrogen. 
An alcohol blank was also titrated. 
Volume of base required: 20.02 ml. 
Alcohol blank: 0.44 ml. 
Base equivalent of Fatty Acid: 19.58 ml. 
The pieces of the ampoule were collected, dried and weighed. 
Weight: 3.2016 g. 
Weight of fatty acid sample: 3.4914 - 3.2016 = 0.2898 g. 
N E = 0.2898 x 1000 
• • 19.58 X 0.0523 = 283.0 
Theoretical N.E. = 280.44 Percent Error = 0.90% 
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The neutralization equivalents of the isomers of linoleic acid 
0 
and a saturated fatty acid, stearic acid, m.p. 68.5 - 71.0 C, are 
tabulated below: 
TABLE XXV 
Neutralization Theoretical Percent 
Fatt~ Acid Eguivalent N.E. Error 
8,11-0ctadecadienoic Acid 283.0 280.44 0.90 
10,13-0ctadecadienoic Acid 282.4 280.44 o. 71 
11,14-0ctadecadienoic Acid 281.6 280.44 0.43 
Stearic Acid I 286.5 284.47 o. 70 
Stearic Acid II 285.0 284.47 0.18 
2. Kaufmann Iodine Number. 
The procedure as given by Cheronis and Entrikin24 was followed 
for all the semimicro Kaufmann Iodine Number (I.N.) determinations. A 
typical determination is described below. 
A sample of linoleic acid (Hormel Foundation; Wijs I.N. 181.0), 
0.0274 g., in a 250 ml. Iodine Flask was dissolved in 2.0 ml. of alcohol-
free chloroform {Eastman Kodak, "White Label"; purified according to 
109 Vogel. A solution of O.lN bromine in methanol saturated with dry 
sodium bromide, 4.981 ml., was added from a microburet. The mixture 
was swirled, stoppered and set aside for 5 minutes. 
After 5 minutes, 3.0 ml. of 10% potassium iodide solution was 
added. The flask was stoppered, swirled and set aside for one minute. 
Two milliliters of starch indicator solution65 was added. The iodine 
was titrated with standard sodium thiosulfate solution (0.0506N). 66 
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Volume of thiosulfate required: 1.41 ml. 
A "Blank" was titrated exactly as above. 
Volume of O.lN bromine solution: 4.989 ml. 
Volume of thiosulfate required: 9.30 ml. 
Calculation of Kaufmann Iodine Number: 
From "Blank" determination, normality of bromine solution is: 
= 
{0.0506 X 9.30) = 
4.989 0.0944. 
From "Sample"determination, equivalents of bromine consumed are: 
[
4.981 X 0.0944 Eq. of Br2 consumed = 1000 -
Weight of Iodine consumed per 100 g. of compound: 
I.N. = 100 X 127 (3 •99 X 10-4) 0.0274 
Theoretical I.N.: 181.03 
= 184.9. 
A summary of Iodine Numbers for octadecadienoic acids and for 
some 1-chloroheptadecadiynes is tabulated in the following table. 
TABLE XXVI 
Kaufmann Iodine Numbers 
Time for Theoretical 
Compound Reaction Weight of Iodine 
with Br2 Sample Number 
Linoleic Acid (Harmel Foundation)a 5.0 min. 0.0274 g. 181.03 
Linoleic Acida 5.0 min. 0.0235 g. 181.03 
Linoleic Acid a 5.0 min. 0.0235 g. 181.03 
8,11-0ctadecadienoic Acid 5.0 min. 0.0275 g. 181.03 
8,11-0ctadecadienoic Acid 12 hrs. 0.0231 g. 181.03 
10,13-0ctadecadienoic Acid 5.0 min. 0.0250 g. 181.03 
11,14-0ctadecadienoic Acid 5.0 min. 0.0233 g. 181.03 
1-Chloroheptadeca-10,13-diyne 5.0 min. 0.0158 g. 380.5 
l-Ch1oroheptadeca-10,13-diyne 5.0 min. 0.0287 g. 380.5 
1-Chloroheptadeca-9,12-diyne 15 min. 0.0202 g. 380.5 
1-Chloroheptadeca-9,12-diyne 12 hrs. 0.0104 g. 380.5 
~ijs Iodine Number: 181.0 (Determined at Harmel Foundation, Austin, Minn.) 
Kaufmann 
Iodine 
Number 
184.9 
185.2 
184.1 
183.8 
185.6 
184.1 
185.1 
111.0 
106.5 
158.2 
285.5 
1-' 
N 
w 
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3. Hydrogenation of the Octadecadienoic Acids. 
Each of the octadecadienoic acids was saturated with hydrogen 
by a procedure identical with that given below. 
Saturation of 8,11-0ctadecadienoic Acid 
The apparatus and procedure followed are described in the litera-
115 ture. Platinum oxide (Engelhard Industries), 0.0655 g., and 0.1584 g. 
of 8,11-0ctadecadienoic acid were weighed into a 100 ml. hydrogenation 
flask containing a magnetic stirrer. To this mixture was added 20.0 ml. 
of 95% ethanol. Hydrogenation was carried out at atmospheric pressure 
with vigorous stirring. 
Temperature: 17°C 
Barometric Pressure: 756 mm. 
Volume of hydrogen absorbed: 53.0 ml. 
Duration of reaction was 55 minutes. Uptake of hydrogen had ceased after 
35 minutes. The catalyst was removed by suction filtration. The filtrate 
was concentrated to 2-3 ml. on a steam cone under water pump suction and 
the residue was cooled in the refrigerator. The white crystals were col-
lected by filtration, sucked dry on the filter and then dried in a 
vacuum desiccator overnight. 
Weight: 156 mg.: Percent Yield: 97.1% 
Melting point: 69-70°C; no depression on admixture with 
stearic acid (Fisher: m.p. 69.5-70.0°C), 
mixed m.p.: 68-700C). 
A solvent blank for 20.0 ml. of 97% ethanol was determined exactly as 
above. 
1Z5 
Calculation of moles of hydrogen absorbed per mole of fatty acid: 
Pressure of Hz = Barometric Pressure - Partial Pressure of Ethanol = 
(756 - 3Z) = 7Z4 mm. 
Corrected Vol. of absorbed Hz at S.T.P. = 53.0 ml. 
47.4 ml. 
Corrected Vol. of absorbed HZ at S.T.P. for Blank= 11.3 ml. 
Theoretical Hz uptake at S.T.P. by catalyst = z x ZZ,400 x 0 ·~~~5 = 
12.9 ml. 
Corrected Volume of Hz absorbed at S.T.P. by 6-8,11-acid = 47.4 - 12.9 
- 11.3 = Z3.Z ml. 
Theoretical Volume of Hz required at S.T.P. for 6-8,11-acid = Z x Z2,400 
0.1584 
x Z80 •44 = Z5.3 ml. 
Theoretical Volume of H2 at S.T.P. required per double bond = 
2;· 3 
= 12.65 ml. 
Moles of Hz absorbed/mole of 68,11-fatty acid= Z3.2 12.65 = 1.84 moles. 
A summary of the hydrogenation data for the 6-8,11-, 6-9,1Z-, 
6-10,13-, and 6-11,14-octadecadienoic acids is listed in the following 
table. 
Acid Saturated 
8 , 11-0ctadecadienoic Acid 
Linoleic Acid(Hormel Found . ) 
10,13-0ctadecadienoic Acid 
11,14-0ctadecadienoic Acid 
Acid Saturated 
8,11-0ctadecadienoic Acid 
Linoleic Acid(Hormel Found.) 
10 , 13-0ctadecadienoic Acid 
11,14-0ctadecadienoic Acid 
TABLE XXVII 
Hydrogenation of Octadecadienoic Acids 
Catalyst: Platinum Oxide (Engelhard Industries) 
Solvent: 20 . 0 ml . of 95% Ethanol 
Corrected Solvent Blank: 11 . 3 ml. 
Vol. of 
H~ Uotake ,~~~- ~ • 1 Corrected 
. Atmos- / · .... -o""".,.., ..::. 
Q t •t Quant~ty Tempera- h i d . Pr H2 upLaKe uan ~ Y f PtO p er c ur~ng essure 
. o ture 
of Ac~d 2 Pressure Reaction of Ethanol at S. T. P. 
0 
used(g . ) used(g . ) C (mm.) (ml . ) (mm.) (mi.~ 
0.1584 0 . 0655 17 756 53 . 0 32 
0 . 1039 0 . 0522 22 772 38 . 4 51 
0.0746 0 . 0624 23 . 5 773 37 . 5 57 
0 . 1498 0 . 0645 20 760 52 . 2 41 
Moles of 
Wgt. Product H2 Absorbed Melting Pt. Melting Pt. on 
Obtained per Mole of Product Admixture with 
(mg.) Acid * (0 Stearic Acid C) - (~Q) 
156 1.84 69-70 68-70 
1 . 52 
75 1.61 
148 1.85 
68.5-70 
68-70 
68-70 
68-70 
24.8 
13 . 5 
11.0 
23.7 
Percent 
Yield 
97.1% 
99.0% 
97.4% 
*These values are not to be taken literally. (See p . 65 . ) 
...... 
N 
0'\ 
127 
4. Ozonolysis of the Methyl Esters of the Octadecadienoic Acids. 
Preparation of Methyl Esters of Octadecadienoic Acids. 
The methyl esters of the dienoic acid were prepared by dis-
solving a sample of tOO to 200 mg. of the acid in 10 to 15 ml. of sodium-
dry ether under a nitrogen blanket. The solution was treated with diazo-
h '1 11 1 . d 112 met ane unt~ a ye ow co or pers~ste • The solution was filtered 
with suction through a sintered glass funnel on which a layer each of 
magnesium sulfate (anhydrous), Celite filter-aid and activated charcoal 
had been placed. The solvent was removed with suction, while warming. 
The ester was then quickly transferred to vials which were 
evacuated to approximately 0.01 mm. and then were sealed under vacusm. 
The fatty acids were ozonized by a procedure identical with 
58 that reported by Keppler. The ozone was generated in an apparatus 
described in the literature.100 A typical ozonolysis is reported below. 
Ozonolysis of 10)13-0ctadecadienoic Acid. 
Ozonized oxygen was passed through a solution of 0.2 g. of 
methyl-10,13-octadecadienoate, prepared by the method described above, 
in 10 ml. of chloroform (Eastman Kodak, "Spectra Grade") contained in 
a cold-finger trap and cooled to -18°C in an ice-salt bath. The gas 
stream from the first trap was conducted through a 2% aqueous solution 
of potassium iodide contained in a second trap connected in series with 
the first. At the appearance of the brown color of iodine in the 
second trap, evidence that an excess of ozone had been bubbled into the 
reaction vessel, the stream of ozone was discontinued. The ozonized 
material was allowed to stand for 30 minutes at room temperature. 
1~ 
The reaction mixture was placed in a 50 ml. round-bottomed 
flask, equipped with a magnetic stirrer and reflux condenser and the 
0 
solvent was evaporated at 30 C under full water pump suction. A slurry 
of 0.9 g. of freshly precipitated silver oxide, 10.0 ml. of water and 
1.6 ml. of 10% sodium hydroxide solution was added in small portions 
through the reflux condenser while vigorous stirring was maintained. 
0 During the addition, the reaction flask was heated to 90-95 c. The re-
action mixture was stirred an additional 60 minutes at this temperature. 
After acidification to pH 2 with 20% hydrochloric acid, the reaction 
mixture was extracted several times with equal volumes of ether. The 
combined ether layers were washed once with water and dried over anhy-
drous magnesium sulfate. 
After removal of the drying agent, the ethereal solution of 
112 
acids was esterified with diazomethane by the usual procedure. The 
mixture was filtered through Celite and anhydrous magnesium sulfate. 
Solvent was removed by warming on a steam bath at full water-pump 
suction. 
Weight of esters: 0 . 20 g. 
Yield: 85% (assuming all malonic acid is lost 
in working up the reaction mixture.) 
The esters were analyzed on a Wilkins Aerograph Gas-Liquid Chromato-
graphy (GLC) unit, having a 5 ft. helical column packed with LAC-446 
packing (Wilkins Instrument Co.). Helium carrier gas flow rate was de-
termined by means of a pyrex-bead rotameter (Ace Glass Co.), graduated 
in millimeters. The rotameter was not calibrated; however, a curve 
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supplied by the manufacturer indicated that the gas flow rate and 
meter reading varied linearly over the range employed. All retention 
times quoted are relative to a rotameter reading of 85.0 rom. 
Analysis (GLC) of Methylated Oxidation Products of 10,13-0ctadecadienoic 
Acid 
Peaks: Two major, two minor (contaminants). Contaminant peaks were 
located where the lower homologs of the major dibasic acid 
esters would be expected. 
Retention times: 94 sees. (at 100°C); 11.83 min. (at 195°C). 
Retention time, methyl valerate: 95 sees. (at 100°C). 
Retention time, dimethyl sebacate: 13.17 min. (at 190°C). 
The analyses were based on the esters of the dibasic acids only, 
because the dibasic acids were easily isolated without loss, while the 
more volatile monocarboxylic acids would have required special pre-
cautions to avoid loss during isolation. The relative areas under peaks 
representing esters of dibasic acids were determined by cutting the peaks 
59 
out from the charts and weighing them. From these weights, the per-
centage of contaminant, based on esters of dibasic acids only, was cal-
culated as follows: 
\ Wgts. of Contaminant Peaks 
Wgt.% Contaminant=---~--------------------------------------------- x 100 
Wgt. of Major Dibasic Acid 
Ester Peak 
Wgt.% Contaminant = 5.7%. 
Wgts. of 
Cont.Peaks 
The analyses of the methylated oxidation products of 8,11-, 9,12-, 
10,13- and 11,14-octadecadienoic acids and comparisons against esters of 
known acids are included in the following table. 
TABLE XXVIII 
Results of Ozonizations of Octadecadienoic Acids 
Analyses on Aerograph GLC 
Column: LAC 446 
Carrier Gas: Helium 
Sample Size: 2-3 microliters 
Chart Speed: 1 in./min. at 110° 
12 in./hr. at 190° Filament Current: 250-275 rna 
Recorder Sensitivity: lOmv Helium Gas Rate: 85 rom Rotameter Reading 
Fatty Acid 
Ozonized 
OZONOLYSIS 
Weight 
Weight of Per-
Recovered cent 
Esters Yielda 
No. of 
Peaks 
GLC ANALYSIS 
Retention Times for Methyl 
Esters of Ozonized Products 
Product Reference Product Reference 
Major Minor at 100° at 100° at 190° at 190° 
Malonic 
1.4 min. 
8, 11-0ctadeca ,!1-Heptanoic Suberic 
dienoic 0.15 S• 0.17 S• 96.0% 2 1 259 sec. 257 sec. 7.25 min. 7.5 min. 
9,12-0ctadeca n-Hexanoic 
8.5b 
Azelaic 
dienoic 0.30 0.33 94.0 2 2 153 156 9.4 
10,13-0ctadeca n-Valeric 
11.83b 
Sebacic 
dienoic 0.20 0.20 85.0 2 2 94 95 13.2 
1,11-Hen-
decanedi-
11, 14-0ctadeca g-Butyric carboxylic 
dienoic 0.20 0.19 81.0 2 3 55 57 17.4 17.7 
aAll malonic acid is presumed lost in the work up. cBased on esters of dibasic acids. 
b 0 GLC at 195 • 
Percent 
Contami-
nation c 
2.9% 
9.7 
5.7 
3.8 
...... 
w 
0 
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5. Tetrabromides of the Octadecadienoic Acids. 
Tetrabromides of all the dienoic acids were prepared by a 
modification of the procedure of Walborsky, Davis and Howton.113 
Linoleic Acid Tetrabromide 
A solution of 0.50 g. of linoleic acid and 6 to 7 ml. of 
0 petroleum ether (b.p. 30-60 C) was cooled in an ice-salt mixture. 
Bromine was added dropwise while stirring with a glass rod until a 
yellow color persisted, and a white precipitate formed. The solid 
was separated by filtration through a 1 em. diameter sintered glass 
funnel. The solid was washed on the filter several times with ice-
cold petroleum ether and then sucked dry. 
Weight after drying 8 hrs. in a vacuum desiccator 
over Calcium chloride: 0.37 g. 
Melting Point 109-111°C; literature113 m.p . 113.2-113.8 
(recrystallized from ethylene bromide). 
Percent yield: 34.6% 
Anal. Calc. for c18H32Br4o: C, 36.02; H, 5.38; Br, 53.26. 
Found: 36.3 ; 5.1 ; 53.3 • 
The following table contains a summary of the preparations of 
tetrabromo derivatives of octadecadienoic acids. 
TABLE XXIX 
Tetrabromides of Octadecadienoic Acids 
Quantity 
of Tetra- Melting 
Amount bromide Yield Point 
Acid Used Obtained % oc 
-
8,11-0ctadecadienoica 100 mg. 43 mg. 20.0 106-107 
9,12~0ctadecadienoicb 500 mg. 370 mg. 34.6 109-111 e 
10,13-0ctadecadienoicc 200 mg. 96 mg. 22.4 110.5-112 
11,14-0ctadecadienoicd 300 mg. 168 mg. 26.2 111-113 
Mixed Melting Points 
oc 
-9.12- -10,13-
part 106-107 
rest 116-119 
108-111 
99-107.5 109-112 
a Anal. Calc. for c18H32Br402: c, 36.02%; H, 5.38%; Br, 53.26%; (Identical calc. for all isomers). 
Found: 35.9%; 5.2%; (Insufficient Sample for Br Analysis) 
b Found: 36.3%; 5.1%; 53.3%. 
c Found: 36.1%; 5.1%; 53.4%. 
d Found: 36.2%; 5.2%; 53.5%. 
eLiterature113 m.p. 113.2-113.8°C (Recrystallized from ethylene bromide). 1-' w 
N 
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6. Gas Chromatographic Analysis of the Fatty Acid Methyl Esters. 
The methyl esters of the octadecadienoic acids were prepared by 
treatment of the acids with diazomethane as described in Sec.IV,J,4. 
The esters were analyzed on an Aerograph Gas-Liquid Chromatography unit, 
using a thermal conductivity cell detector, by the technique outlined 
. h . 1' t 119 1n t e 1nstrument 1tera ure. Analysis was carried out on both a 
silicone helical column (5 ft. length) and a polyester column, LAC-446 
(5 ft. length). A typical chromatogram was reproduced as Figure 20. 
A summary of the results is tabulated below. 
Column: Silicone Recorder Sensitivity: 10 mv. 
Temperature: 231°C Filament Current: 260-270 rna. 
Sample Size: 1-3 ~1. 
(LAC-446) 
Carrier Gas: Helium 
10 ~J,l. 
(Silicone) 
Rotameter Reading: 85 mm. 
Chromatographic Analysis of Fatty Acid on Silicone Column 
Acid Temperature Retention Time at 85 mm. 
.6-8,11- 231°C 29.4 min • 
.6-9,12- 230°C 29.0 min • 
.6-10,13- 231°C 28 . 2 min • 
.6-11,14- 235°C 28.6 min • 
Chromatographic Analysis of Fatty Acid on LAC 446 
Acid Temperature Retention Time at 85 mm. 
.6-8,11- 201°C 15.50 min. 
.6-9,12- 201°C 18.30 min. 
.6-10,13- 201°C 15.55 min. 
.6-11,14- 201°C 19.10 min. 
No. of Peaks 
one 
one 
one 
one 
No. of Peaks 
one 
one 
a 
one 
one 
~ot well resolved, probably a result of column overloading. 
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The methyl esters of the octadecadienoic acids were subjected 
. 72 142 to chromatographic analysis by L1psky and Landowne. ' An estimation 
of the purity of the f).-8,11-, f).-9,12-, f).-10,13- and f).-11,14- isomers 
was made, based on examination of the compounds on adipate ethylene 
glycol polyester packed column and on glutarate ethylene glycol poly-
ester and polybutene capillary columns. The homogeneity for each 
isomer was found to be 98 to 99%. The maximum single impurity, ap-
preaching one percent, appeared in the chromatogram of the f).-9,12-
. 72 1somer. 
Table xxx142 summarizes the determination of the Separation 
Factors (Sf), relative to stearate, of the octadecadienoic acids. 
Sf = 
Retention time of compound 
Retention time of stearate 
TABLE XXX 
Separatign Factors (Sf) of the Methyl Esters of the Octadecadienoic Acids142 
Compound 
Stearate 
Oleate 
Linoleate 
Isomers 
6-8,11 
6-9,12 
6-10,13 
6-11,14 
* 
(Relative to Stearate) 
a Polar Packed Column 
Time * Sf 
16.3 
18.0 
21.3 
21.6 
22.0 
23.3 
1.00 
1.10 
1.31 
1.32 
1.35 
1.43 
Polar Caeillar~ Column 
Time Time 
(at 16 psi) (at 20 psi) 
52.85 47.05 
59.45 52.95 
72.35 64.50 
74.75 66.55 
76.90 68.55 
79.80 71.25 
Corrected retention time in minutes. 
b Non-Polar Caeillar~ Column c 
Sf Time Sf 
1.00 51.5 1.00 
1.125 45.2 0.88 
1.37 42.0 0.81 
1.41 42.4 0.82 
1.46 44.2 0.86 
1.51 46.0 0.89 
a. 8 ft. long, "U" shaped glass column, 5 mm I.D. containing 15% adipate ethylene 
glycol polyester on 80-100 mesh Chromosorb* w. Inlet prgssure: 38 psi of argon. 
Outlet flow - 185 ml. argon/min. Column temperature 196 c. 
b. Column made from 25 gauge stainless steel hypodermic tubing, 200 ft. long and 
0.010" I.D. Coated with glutarate ethylene glycol polyester. Inlet pressures: 
16 and 20 psi of argon. Outlet flows: approximately 0.55 ml. and 0.72 ml./min. 
0 Column temperature: 157 c. 
c. Column made from 25 gauge stainless steel hypodermic tubing, 125 ft. long and 
0.010" I.D. Coated with polybutene (molecular weight 1000). Inlet pressure: 
16 psi of argon. Outlet flow: approximately 0.50 ml./min. Column temperature: 200°C. 
._.. 
w 
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V. FUTURE WORK SUGGESTIONS 
1. 67 The method developed by Kornblum for the oxidation of tosy-
lates to aldehydes appears to be a simple and practical way to introduce 
a carboxylic acid group into skipped, unsaturated, fatty acid precursors. 
A chloroethylenic compound CXIII , from the acetylenic derivative CXII pre-
pared by obvious methods, could be converted to the tosylat~oxidized 
CH3-(cH2)x-(C: C-CH2)y-(CH2)z-CH2-Cl 
CXII 
~ reduction 
CH3-(cH2)x-(CH=CH-CH2)y-(CH2)z-CH2-Cl 
CXIII 
1) AgOTs 
2) Dimethyl sulfoxide 
3) Ag2o 
CH -(CH ) -(CH=CH-CH ) -(CH ) -COOH 3 2 X 2 y 2 Z 
CXIV 
with dimethyl sulfoxide to an aldehyde, which is easily further oxidized 
to the acid CXIV with silver oxide. The method will permit use of the re-
agent diisobutylaluminum hydride for converting the acetylenes to the 
cis-olefins. This method for introducing an acidic group into a mole-
cule would appear to offer special advantage in the synthesis of an 
acid such as arachidonic acid (I), whereas the use of the Grignard 
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method may not be advantageous because of difficulty in initiation or 
because of Wurtz coupling.* 
2. An interesting possibility exists for reduction of skipped di-
ynes to cis-dienes using the reagent monoisobutylaluminum hydride. The 
dihydride might be expected to reduce the diyne to the diene in a single 
treatment by addition of the atom of aluminum to both acetylenic groups. 
It appears from examination of molecular models that such an addition, 
with formation of a cyclic alkylaluminum derivative, is possible. 
3. No informAtion is available to account for the reluctance of 
compounds such as the chloroheptadecadiynes LII to form Grignard re-
agents. Since Grignard derivatives of these compounds were prepared on 
several occasions during the current research program, their preparation 
is obviously possible. A study to establish optimum conditions for for-
mation of Grignard reagents from the chloroheptadecadiynes LII might af-
ford information which would account for the difficulties in this reaction. 
4. If Thomasson's theory of EFA activity69 is correct, tetradeca-
cis-5, cis-8-dienoic acid (CXV) ought to be one of the simplest essential 
fatty acids. The synthesis of this acid by the methods employed in the 
present research and its bio-assay should prove interesting from a bio-
chemical standpoint. 
CH - (CH ) -CH=CH-CH -CH=CH- (CH ) -COOH 3 2 4 2 2 3 
cxv 
* Arachidonic acid has recently been synthesized via the scheme, RCl > 
RMgBr > RCOOH, in a yield of 52%. 146 
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VI. SPECTRA AND GAS CHROMATOGRAPHY CURVE. 
A. Infrared Spectra. 
The following infrared spectra were recorded on a Perkin-Elmer 
Model 21C, Double Beam, Spectrophotometer . The essential data for each 
of the curves have been listed on the pages opposite the spectra. 
Figure 1 
Sample: 1-Chloroheptadeca-7,10-diyne. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.04 mm. Film. 
Lower Segmented Curve: Expanded SX(Ordinate). 
Figure 2 
Sample: 1-Chloroheptadeca-9,12-diyne. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.04 mm. film. 
Lower Segmented Curve: Expanded SX(~rdinate). 
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Figure 3 
Sample: 1-Chloroheptadeca-10,13-diyne. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.04 mm. Film. 
Lower Segmented Curve: Expanded 5X(Ordinate). 
Figure 4 
Sample: 1-Chloroheptadeca-7,10-diene. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.03 mm. film. 
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Figure 5 
Sample: 1-Chloroheptadeca-9,12-diene. 
Sample Phase: Neat Oil. 
Sample Thickness: 0 . 04 mm. film . 
Figure 6 
Sample: 1-Chloroheptadeca-10,13-diene. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.04 mm. film. 
.. ' 
I ' , : " ~-· ''!'~··.·:: . 
..__, -£j[ .;_,: ~ ~:_.:. ~--::._______,~.'· 
I ~ "- , i i ' : : : : : J 
I . ; ; ; : ; I. 
0 
-~ ....... 
. ~ . ~ - ,p-1".ill---~-~-:.:r--:r.r-2r' 
~~ 
. / 1- --1---l--t-~-t--t--t-1 
\ 1-+---+--+--+--t---t---t--H 
..__ 
.\......, I 
t _I -
. "! _2 ~.: 
1L J I :!: 1:_ .4:~- _ 
l i _: - r:i=~_-l=l 
.1 I - 1 ~. - '· · · - +1; 
.. 
r-:-g~~ -'-<i-R~~~~-~r--:-g:2r 
'~-'-...t--- : . : 
J .. i 
t· l 
j I +· 
144 
..... - · . . . __ ;. =-i- .t:=f= 
r-- . . .;..::- ± -r=r:=--
Figure 7 
Sample: 8,11-0ctadecadienoic Acid. 
Sample Phase: Neat Oil . 
Sample Thickness: 0 .04 mm. film. 
Figure 8 
Sample: 10,13-0ctadecadienoic Acid. 
Sample Phase: Neat Oil. 
Sample Thickness: 0 .03 mm. film. 
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Figure 9 
Sample: 11,14-0ctadecadienoic Acid. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.03 rnm. film. 
Figure 10 
Sample: Linoleic Acid (Hormel Foundation; high purity). 
Sample Phase: Neat Oil. 
Sample Thickness: 0.04 rnm. film. 
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Figure 11 
Sample: Methyl 8,11-0ctadecadienoate. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.03 mm. film. 
Figure 12 
Sample: Methyl 10,13-0ctadecadienoate 
Sample Phase: Neat Oil. 
Sample Thickness: 0.04 mm. film. 
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Figure 13 
Sample: Methyl 11,14-0ctadecadienoate. 
Sample Phase: Neat Oil. 
Sample Thickness: 0 . 04 mm. film. 
Figure 14 
Sample: Methyl Linoleate (From Hormal Foundation Acid Sample). 
Sample Phase: Neat Oil . 
Sample Thickness: 0.04 mm. film. 
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Figure 15 
Sample: 1% Methyl Vaccenate and 99% Methyl Linoleate. 
Sample Phase: Neat Oil. 
Sample Thickness: 0.04 mm. film. 
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B. Ultraviolet Spectra. 
The following ultraviolet spectra were recorded on a Beckman 
Model DK-1 Spectrophotometer. The essential data for each of the 
curves have been listed on the pages opposite the spectra. The optical 
density of a methanol solvent blank was found to be 0.060. 
Figure 16 
Sample: 8,11-0ctadecadienoic Acid. 
Solvent: Absolute Methanol (Eastman Kodak, Spectro Grade). 
Concentration: 1.40 x 10-3 moles/liter. 
Wavelength maximum: 233 ~ (log € 2.33) 
Optical density: 0.300 
Figure 17 
Sample: 10,13-0ctadecadienoic Acid. 
Solvent: Absolute Methanol (Eastman Kodak, Spectro Grade). 
Concentration: 1.92 x 10-3 moles/liter. 
Wavelength maximum: 233 ~ (log € 2.48) 
Optical density: 0.576 
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Figure 18 
Sample: 11,14-0ctadecadienoic Acid 
Solvent: Absolute Methanol (Eastman Kodak, Spectro Grade). 
Concentration: 1.99 x 10-3 moles/liter. 
Wavelength maximum: 233 ~ (log € 2.40) 
Optical density: 0.503 
Figure 19 
Sample: Linoleic Acid (Hormel· Foundation; high purity). 
Solvent: Absolute Methanol (Eastman Kodak, Spectro Grade). 
-3 Concentration: 2.49 x 10 moles/liter. 
Wavelength maximum: 233 ~ (log € 2.18) 
Optical density: 0.373 
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c. Gas Chromatography Curve. 
The ibllowing curve is included as a typical representation of 
the gas-liquid chromatograms obtained for the methyl esters of synthetic 
acids and linoleic acid. The curve was recorded on a Wilkins Aerograph 
Gas Chromatography Unit. 
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VIII. ABSTRACT 
Three skipped unsaturated fatty acids, 8,11-octadecadienoic 
acid, 10,13-octadecadienoic acid and 11,14-octadecadienoic acid have 
been synthesized via skipped acetylenic intermediates. 
Coupling an w-chloroacetylenic Grignard derivative I with a 
propargylic bromide II in tetrahydrofuran in the presence of cuprous 
chloride catalyst yielded a 1-chloroheptadecadiyne III, which was re-
duced stereospecifical~y and selectively to the di-cis-1-chlorohepta-
decadiene IV by two treatments with diisobutylaluminum hydride. The 
I l II CuCl 
III 
1) (i-Butyl) 2AlH 
2) (i-Butyl)~lH 
Cl-(CH ) -CH=CH-CH -CH=CH-(CH ) -CH 2 X 2 2 y 3 
IV 
1) Mg, ether 
2) co 2 
3) H+ 
HOOC-(CH2)x-CH=CH-cH2-CH=CH-(CH2)y-cH3 
v 
8,11-0ctadecadienoic Acid: 
10,13-0ctadecadienoic Acid: 
11,14-0ctadecadienoic Acid: 
X = 6, y = 5 
X = 8, y = 3 
X = 9, y = 2 
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diene IV was converted to the Grignard reagent which upon carbonation 
and acidification gave the octadecadienoic acid V. 
Saturation of the synthetic acids over Adams' catalyst produced 
stearic acid in 97.1 - 99% yields. Ozonolytic degradation of the acids 
and gas chromatographic analysis of the cleavage products showed a 
maximum possible contamination of unexpected positional isomers of 5.7%. 
The acids obtained by this synthesis have been shown to contain 
less than one percent trans contaminants and less than nine tenths per-
cent conjugated dienoic contaminants by infrared and ultraviolet analyses, 
respectively. Gas chromatographic examinations of the methyl esters of 
the fatty acids have shown them to be 98 to 99 percent homogeneous. 
Further characterization of the octadecadienoic acids has been 
summarized below: 
Octadecadienoic Acid 6-8,11- 6-10,13- 6-11,14-
Kaufmann Iodine Number 183.8 184.1 185.1 
(Theoretical 181.03) 185.6 
Neutralization Equivalent 283.0 282.4 281.6 
(Theoretical 280.44) 
Melting Point of Tetra- 106-107° 110.5-112° 111-113° bromo Derivative (°C) 
